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Purpose: Jansen-deVries syndrome is a neurodevelopmental condition attributed to pathogenic 

variants in exons 5–6 of PPM1D. As the full phenotypic spectrum and natural history remain to be 

defined, we describe a large cohort of children and adults with Jansen-deVries syndrome.

Methods: Retrospective cohort study of 37 individuals from 34 families with disease-causing 

variants in PPM1D leading to Jansen-deVries syndrome. Clinical data were provided by treating 

physicians and/or families.

Results: Of the 37 individuals, 27 were male and 10 female, with median age 8.75 years (range 8 

months - 62 years). Four families document autosomal dominant transmission, and 32/34 probands 

were diagnosed via exome sequencing. The facial gestalt, including a broad forehead and broad 

mouth with a thin and tented upper lip, was most recognizable between 18–48 months of age. 

Common manifestations included global developmental delay (35/36, 97%), hypotonia (25/34, 

74%), short stature (14/33, 42%), constipation (22/31, 71%), and cyclic vomiting (6/35, 17%). 

Distinctive personality traits include a hyper-social affect (21/31, 68%) and moderate-to-severe 

anxiety (18/28, 64%).

Conclusions: Jansen-deVries is a clinically-recognizable neurodevelopmental syndrome with a 

characteristic personality and distinctive facial features. The association of pathogenic variants in 

PPM1D with cyclic vomiting bears not only medical attention but also further pathogenic and 

mechanistic evaluation.
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Introduction:

Jansen-deVries syndrome (JdVS) was first delineated as a syndromic form of intellectual 

disability in 2017 in a cohort of 14 individuals with truncating variants in PPM1D 1. All 

disease-causing variants in this initial cohort were found in the penultimate or last exons (5 

and 6) of this gene and all were de novo 1. Prior to this report, PPM1D had been identified 

as a candidate gene for intellectual disability due to its enrichment for de novo variants in 

two large cohorts of individuals with intellectual disability 2, 3. In their report, Jansen et 

al describe in further detail the seven individuals reported in these larger meta-analyses2, 3 

in addition to seven new individuals. They highlight several features shared among those 

with pathogenic variants in PPM1D 1. Intellectual disability was seen in all but one 

individual (though that person had learning difficulties) and other notable features included 

short stature, recurrent craniofacial features such as a broad forehead, a broad mouth with 

thin upper lip, small hands and feet, and gastrointestinal symptoms such as poor feeding, 

constipation, and cyclic vomiting. A particular behavioral phenotype was also noted, with 

an outgoing hyper-social personality, increased sensitivity to sound, nearly universal anxiety, 

and a high pain threshold commonly reported. Indeed, the condition was initially referred 

to as “intellectual developmental disorder with gastrointestinal difficulties and high pain 

threshold” (IDDGIP), but later renamed Jansen-De Vries syndrome (OMIM#617450). The 

molecular mechanism is attributed to a truncated protein product that escapes nonsense 

mediated decay but has lost the nuclear localization signal while maintaining the PPM-type 
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phosphatase domain in exon 5 1; thus, disease-causing PPM1D variants may exert their 

effects in a dominant negative or gain-of-function mechanism.

Since this publication in 2017, 10 additional individuals have been published 4–10 that 

both reiterate and expand upon this phenotype with novel features including cleft lip and 

palate (one case) 8, bladder exstrophy (one case) 5, syndactyly 9, and unilateral renal 

dysplasia with the diagnosis found on fetal exome 6. Six of these 10 have been diagnosed 

by exome sequencing (ES) 4–6, 9, one by genome sequencing (GS) 10 and three via a 

~5000 gene panel (Illumina TruSight One) 7, 8. In order to further elucidate the spectrum 

of manifestations of this rare neurodevelopmental condition, we now report an additional 

34 families with Jansen-deVries syndrome, highlighting the unique developmental and 

behavioral phenotype, facial gestalt, and gastrointestinal symptoms through physician 

reports and family interviews.

Materials and Methods:

Editorial Policies and Ethical Considerations:

Participants 8, 23, and 30 were enrolled in the Manton Center for Orphan Disease 

Research’s IRB-approved protocol at Boston Children’s Hospital. For all other cases, 

informed consent to participate, including publication of photographs where relevant, was 

obtained at the local institution via their own institutional guidelines. De-identified data for 

all patients was collected and analyzed under an IRB protocol at Boston Children’s Hospital.

Individuals were identified via referral from clinicians, identification through GeneMatcher 
11, and via connections made through the Jansen-deVries family support group. Phenotypic 

data were collected via parent interview or information provided by the treating geneticists. 

Twenty three parent interviews (CJC) were conducted via phone call, video call, or in person 

visits (five families). All parents provided additional information via email.

Results:

Demographics

We ascertained 37 individuals from 34 families, including the first report of familial cases, 

with two families involving an affected mother and child, a third involving an affected son, 

mother and grandmother, and a fourth involving an affected father and daughter. Across the 

cohort, there were 27 male and 10 female individuals. Median age at ascertainment was 8.75 

years (IQR 5–12.25 years), with a range from 8 months to 62 years (though many families 

reported age at diagnosis of two to three years). Families were from North America, Europe, 

and Australia.

Molecular Diagnosis

Diagnosis was made via ES in all but two families, where the diagnosis was made by gene 

panel. All variants fell in exons 5 or 6 in PPM1D and were either frameshift variants or 

missense variants leading to premature termination. Two variants were recurrent, with the 

c.1210C>T, p.(Gln404Ter) variant observed in four separate families and the c.1280G>A, 

p.(Trp427Ter) variant also observed in four families. The variants in these 34 families are 
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represented in Figure 1. Variants were de novo in 30/34 families, with the remaining four 

families documenting autosomal dominant inheritance.

Perinatal History

Polyhydramnios was noted in 6/34 (18%) pregnancies and gestational diabetes in 6/34 

(18%) with no other salient prenatal features. Most individuals were born full term (three 

preterm) and anthropometric measurements at birth were generally within the normal range. 

Six individuals (24%) had neonatal complications including need for resuscitation at birth 

(five), tachypnea (two), apneic spells (one), and hypoglycemia (one). Common features 

noted in early infancy were hypotonia (25/34, 74%), poor feeding (two with dysphagia/

choking in infancy), and constipation (22/31, 71%) (Supplemental Table 1).

Growth

Growth parameters were notable for short stature (Z-score of ≤ −2) in 14/33 (42%), with 

only three individuals having a Z-score for height of ≤ −3 and a median Z-score for height 

of −1.3. Low weight (Z-score of ≤ −2) was noted in 10/35 individuals (29%) and two were 

overweight with the rest at normal weight for age and a median Z-score for weight of −0.5. 

Head circumference was normal in the majority with available measurements (20), with 

seven (35%) having a Z-score ≤ −2 (Figure 2).

Development

Developmental milestones are described in Supplemental Table 2. Motor skills were 

generally delayed, with median age at independent walking of 25 months (IQR 22–28.5 

months). Gait was described as abnormal in several cases, with four described as walking 

with a wide-based gait and some experiencing frequent falls. Most individuals were able to 

run, some ride a bicycle, and one played ice hockey. Mild hypotonia appeared to improve 

with age but was often documented in older children as well. Language skills were also 

delayed, with a wide spectrum of ages at first words: from 12 months to 15 years, with a 

median of 20 months (IQR 16 – 33 months). Two individuals were non-verbal and one lost 

language at 16 years of age.

Intellectual skills varied; those who had intelligence quotient (IQ) testing (8/34, 24%) had 

median IQ of 70 (IQR 58.25 – 72.75). One person had severe intellectual disability. Eight of 

29 individuals (28%) were noted to have features of autism spectrum disorder (with possible 

autism in one additional child), 17/29 (58%) had been diagnosed with attention deficit 

hyperactivity disorder (ADHD) with possible ADHD in two. Eighteen of 28 (64%) have 

a formal diagnosis of anxiety and 21/31 individuals (68%) are described as hypersocial. 

In at least five cases, there was clinical suspicion for Williams Syndrome due to the 

similar personality, echolalia, perseveration and overlapping physical exam findings such 

as nail hypoplasia. Other behavioral issues include aggression (8/22, 36%) and issues with 

impulsivity, with several children described as having “no sense of danger”. Hypersexuality 

was a concern in some older patients. Of the affected parents or grandparents within the 

familial cases in our cohort, these adults had some limited work experience and at least 

one had completed high school in regular classes. Two of the affected women ran their 
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households, were able to drive, shop, handle money and had other unaffected children. At 

least in the families reported here, fertility appears to have been normal.

Physical examination

A common facial gestalt was noted, particularly the broad mouth with a thin and tented 

upper lip though these features were less noticeable after school age (Figure 3A–D). The 

hands were noted to be small due to short fingers (palm size normal) in 22/34 (65%) and 

feet were also noted to be small in 22/35 (63%) (Figure 3E). Few actual measurements 

were available. Nails were often hypoplastic (15/34, 44%). Common facial features include 

a broad forehead (27/37, 73%), thin upper lip (33/37, 89%), broad mouth (35/37, 95%), and 

downturned corners of the mouth (26/37, 70%) (Supplemental Table 1). Other occasional 

facial features seen included a smooth philtrum (3, 8%), midface hypoplasia (2, 5%), 

upturned nose (10, 27%) small/widely-spaced teeth (4, 11%), hypertelorism (1), low 

posterior hairline and bushy eyebrows (1), everted/thick lower lip (1), deep set eyes (1), 

metopic prominence (2, 5%), notched and hypoplastic alae nasi (1), underfolded pinnae 

with hypoplastic superior crus of the antihelix (1), high anterior hairline, high arched 

palate (2, 5%), broad nasal tip (1), midline nasal groove (1), small ears (2, 5%), and 

dental crowding (1). Face2Gene® (FDNA, Inc) research analysis also supports a specific 

craniofacial phenotype (Figure 4).

Brain imaging

Brain imaging via MRI was performed in 17 individuals, with seven having a normal 

brain MRI and the remainder having a variety of abnormalities, including parenchymal 

gliosis in 2/17 (12%), and the following abnormalities each seen once: small pituitary, 

mega cisterna magna and mild ventriculomegaly, hippocampal rotation, shortening of the 

corpus callosum and inferior vermian hypoplasia, “underdeveloped” cerebellum, Chiari I 

malformation, corpus callosum hypoplasia, and arachnoid cyst.

Gastrointestinal complaints

Gastroesophageal reflux disease (GERD) was noted in 16 individuals with two undergoing 

fundoplication and three requiring gastrostomy tube feeding for weeks to months. Six 

patients were noted to have issues with gagging or choking on liquids and 20 had 

unexplained vomiting episodes with six being diagnosed with cyclic vomiting syndrome 

(CVS). The vomiting episodes were often associated with hypoglycemia leading to frequent 

emergency department visits and/or hospital admission. Extensive evaluation for metabolic/

mitochondrial dysfunction in at least four of these children has been negative. Constipation 

was reported in 22 individuals, though this may be more prevalent than reported, and 

constipation tended to improve with age.

Other health concerns

Well-controlled seizures of inconsistent types developed in two children and one had 

a single febrile seizure. Four individuals had recurrent migraine with vomiting, often 

developing after years of recurrent vomiting episodes. Four were diagnosed with growth 

hormone deficiency, though most were not tested. Fourteen were noted to have recurrent 
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otitis media (including both individuals with high-arched palates) and another three had 

recurrent infections. Immunologic evaluations, when done, were non-diagnostic. Visual 

problems were noted in 17/23 individuals (74%), including hypermetropia (4/23, 17%), 

myopia (4/23, 17%) and strabismus (7/23, 30%). Other major anomalies were rare – one 

person had Tetralogy of Fallot but no other cardiac anomalies were reported in this cohort.

More recently, concerns for a possible neuroinflammatory complication of this condition 

have emerged, with three people having unexplained developmental regression. One 

individual was diagnosed with Pediatric Autoimmune Neuropsychiatric Disorder Associated 

with Streptococcal infections (PANDAS) at age six12, one experienced loss of language 

at age 16, and one had recurrent episodes of inability to walk and regression of other 

skills at age 6–7. A unifying etiology for these abnormalities has not been uncovered. As 

somatic PPM1D variants have been implicated in various malignancies13, 14, the potential 

for increased cancer risk in people with Jansen-de Vries syndrome has also been raised. At 

this time there have been no malignancies noted in this cohort, although we are aware of 

one child with neuroblastoma who has a pathogenic variant in PPM1D (S. Jansen, personal 

communication).

Literature Review

In order to describe the frequency of commonly-noted manifestations of this condition we 

reviewed our 37 cases, the 10 additional individuals reported in the literature9 and the 

original 14 cases described in 20171 for a total of 61 individuals (Figure 5). Full phenotypic 

details were not available for all cases, particularly regarding neurodevelopmental outcomes, 

and certain cases were identified in the context of a broader phenotype-driven cohort such as 

autism and developmental delays 15 or specific birth defects (bladder exstrophy)5.

Discussion:

We describe a cohort of 37 individuals from 34 families with disease-causing variants in 

PPM1D and review the existing literature in order to further elaborate on distinctive and 

recurrent features of Jansen-de Vries syndrome and refine the phenotype and genotypic 

spectrum. These results highlight the unique neurodevelopmental phenotype of this 

condition, a particular facial gestalt, and common medical comorbidities, with all affected 

individuals harboring heterozygous truncating variants in either the last or penultimate exon 

of PPM1D. The documentation of vertical transmission of Jansen de Vries syndrome in four 

families is consistent with autosomal dominant inheritance. As in other neurodevelopmental 

and chromosomal microdeletion or duplication syndromes, the ascertained probands were in 

general significantly more severely affected than their affected parent.

Regarding the neurodevelopmental phenotype of Jansen-deVries syndrome, a distinct 

personality has been described including hyper-social behavior and hyperacusis in addition 

to anxiety, somewhat similar to that described in Williams-Beuren syndrome 16 - though 

many individuals in our cohort may be too young to clearly detect either hyper-sociality 

or anxiety. Global developmental delay was nearly universal, though speech delay was 

more prominent than motor delay. All individuals did ultimately ambulate independently 

with a broad range of motor skills achieved, and most were able to communicate verbally, 
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with a range of cognitive functioning described in those who have had formal testing. 

Some features, such as the aggression and hypersexuality, appear to emerge in some 

adolescents and older patients 10. Additionally, many individuals in our cohort have been 

diagnosed with ADHD, and about 25% with autism-like features, as was also seen in a large 

neurodevelopmental cohort where one of eight described with damaging variants in PPM1D 
had autism, while the others were diagnosed with developmental delay or intellectual 

disability15.

The physical features as described in our cohort support a unique facial gestalt for Jansen-de 

Vries syndrome, and, indeed, a computational facial recognition model was able to discern 

a distinct pattern for individuals with pathogenic variants PPM1D compared to controls with 

intellectual disability 17. Short stature was seen in 42% of our cohort and 74% of literature 

cases, and small hands or feet have also been seen frequently along with hypoplastic 

nails. As many other features seen in Jansen-deVries syndrome such as hypotonia and 

feeding difficulties (particularly in infancy) are also commonly seen in other genetic 

neurodevelopmental disorders, additional features unique to Jansen-deVries syndrome that 

have been seen in multiple families include the gastrointestinal issues, particularly CVS. 

While CVS was only formally diagnosed in six individuals in our cohort and another 10 

in the literature, this is a relatively rare and distinct condition and it is therefore unusual 

to see so many cases within this group; vomiting not formally described as cyclic was 

reported in another thirteen individuals in our cohort. While also rare in our cohort, the 

developmental regression possibly suggestive of neuroinflammatory dysregulation and seen 

in three individuals in this cohort certainly bears further study.

In terms of the management following a diagnosis of Jansen-deVries syndrome, typically 

identified via molecular genetic testing and supported by the above clinical features, 

commonly-addressed medical issues include: anxiety, growth and short stature, vomiting, 

and behavioral issues such as aggression. No firm management guidelines can be universally 

endorsed as most reports of successes and failures are anecdotal and rely on parent reports. 

However, we offer the below guidance based upon our clinical experience:

• Anxiety: This symptom seems almost universal in well-described patients and 

is early in onset, often by 18 months of age. It seems to intensify in school 

age and persists into adulthood. Helpful strategies include adherence to routine, 

calming techniques, learned coping strategies, meditation and psychotherapy. 

Medications including selective serotonin reuptake inhibitors (SSRIs) have been 

used with variable success and many families have explored using cannabidiol 

products with some suggestions of improvement. Further studies are indicated.

• Growth: Short stature is frequent in Jansen-deVries syndrome and many 

parents have asked about growth hormone (GH) treatment. Given the positive 

experiences with GH in Prader-Willi syndrome18, parents have extrapolated and 

wondered about improving hypotonia and development with early GH. Four 

children in our cohort have been found to be growth hormone deficient and 

placed on treatment, although in at least one child no improvement in growth 

has been noted. No demonstrable improvement in cognition or development have 
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been documented in the treated children. At this point there is no evidence for 

empiric treatment with GH in the absence of documented GH deficiency.

• Vomiting: Prolonged, unexpected episodes of vomiting with nausea, dehydration 

and hypoglycemia have been seen in a number of children and adults 

with Jansen-de Vries syndrome – both those with and without an official 

diagnosis of CVS. The etiology appears obscure, as is often the case with 

CVS, even in individuals without an underlying genetic disorder. Triggers 

have included intercurrent illness, excitement, sleep deprivation, changes 

in schedule, and travel. Extensive evaluations for mitochondrial or genetic 

metabolic abnormalities in several people with Jansen-deVries syndrome have 

been unrevealing. There are no universally recommended treatments although 

patients and physicians have used ondansetron, cyproheptadine, amitriptyline, 

and Coenzyme Q with variable outcomes. Early recognition and treatment 

with medication and, if needed, intravenous fluids are recommended for 

acute episodes. The CVS support group may be of assistance to families 

(cvsaonline.org). Results of further studies are anticipated 19.

• Behavior: Most children with Jansen-de Vries Syndrome are outgoing, delightful 

and happy children who are affectionate and much enjoyed by their families 

and care providers. Autistic features, when present, were usually mild and these 

diagnoses were based frequently on the child’s lack of boundaries, and unusual 

social interactions with lack of the normal response to social cueing. Behavioral 

abnormalities ranging from meltdowns and tantrums in younger children to 

aggression and anger in older individuals with Jansen-deVries syndrome are 

common. As in other syndromes and typical children, the treatment is supportive 

and must be individualized. Strategies for managing hypersexuality in some 

older patients may be challenging. These issues are quite similar to those seen 

in Williams syndrome where the outgoing personality, lack of boundaries and 

lack of fear or appreciation of consequences contribute to risk. Approaches 

such as long-term protection against pregnancy and monitoring the environment 

along with supportive counseling are essential. For many families affected by 

Jansen-deVries syndrome, enrollment in the support group, Facebook group and 

WhatsApp chat have proven valuable. (https://jansen-devries.org)

The molecular mechanisms giving rise to this constellation of findings remain to be fully 

elucidated. In a cohort of over 10,000 people with neurodevelopmental phenotypes (ID, 

DD, autism), enrichment for de novo variants in PPM1D was observed 15. PPM1D is 

noted to be missense constrained but not loss-of-function constrained in the gnomAD 

database, which fits with the finding that the mechanism of disease in for Jansen-deVries 

syndrome entails escape from nonsense-mediated decay 20. PPM1D is known to be a 

negative regulator of p53 and other tumor suppressors, and somatic variants are found in 

multiple malignancies14, 21. There are several individuals with stop gain variants designated 

as ClinVar pathogenic/likely pathogenic in gnomAD, though at least one is present in an 

older individual; these may represent somatic variants acquired in the setting of clonal 

hematopoiesis of indeterminate potential, as has been reported with this gene, particularly 

in association with myelodysplastic syndromes 22, 23 and has been previously seen in other 
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highly-penetrant, autosomal dominant conditions 24. To our knowledge, there are no reports 

of individuals with Jansen-de Vries syndrome and concurrent malignancies.

Overall, our findings support a distinct phenotype associated with for Jansen-de Vries 

syndrome, with hallmark features including the facial gestalt, small hands and feet often 

with hypoplastic nails, the distinctive personality pattern, short stature, cyclic vomiting, 

moderate to severe anxiety and a high pain threshold. Disease-causing variants in our cohort 

fell exclusively within exons 5 and 6 of PPM1D as has been previously described. As ES 

is now recommended as a first-line test for those with intellectual disability25, it is likely 

that additional novel variants in other exons of this gene will be identified, and the clinical 

features seen in our cohort differentiated from the features seen with variants in other exons. 

To date the features seen in those with pathogenic variants in other exons seem generally 

dissimilar to those seen with variants in exons 5 and 6 and should not be confused with 

Jansen-deVries Syndrome12. Further research into the manifestations of damaging germline 

variants in exons 1–4 of PPM1D is warranted. Other areas in need of future research related 

to this condition include tailored treatments of common manifestations such as anxiety, short 

stature, and cyclic vomiting, and further investigation into the incidence and etiology of 

developmental regression and possible neuroinflammatory features.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Spectrum of variants identified in PPM1D. Variants are identified by position in the amino 

acid sequence. The number within the circle indicates the case number from this series. All 

variants fall within exons 5 and 6 of PPM1D, which comprises six exons total.
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Figure 2. 
Box and whisker plot depicting the Z-score for anthropomorphic measurements at last 

examination. The line within the box represents the median, with the box boundaries 

representing the interquartile range and whiskers represent range. Data on height were 

available for 33 participants, weight for 35, and head circumference for 20.
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Figure 3. 
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(A) In infancy and early childhood, the common facial gestalt is more easily recognizable, 

particularly the broad forehead and wide mouth with thin upper lip. (B) School age. (C) 

Adulthood. (D) Familial cases. (E) Hands and feet of affected individuals, illustrating the 

small size and hypoplastic nails in some.
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Figure 4. 
Face2Gene facial composite from a cohort of children with Jansen-deVries Syndrome 

(Cohort 1) compared to controls.
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Figure 5. 
Frequency of salient features within our cohort and published literature cases. Dark blue bars 

represent the number cases within our cohort, light blue bars represent cases published in the 

literature, orange bars represent the number without the feature, and grey bars indicate the 

number for whom the feature is not reported.
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