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Juvenile polyposis (JP; OMIM 174900) and hereditary hemor-
rhagic telangiectasia (HHT; OMIM 187300 and 600376) are 
distinct syndromes caused by mutations in genes within the 
transforming growth factor (TGF)-β signaling pathway. Several 
published case reports, beginning in 1980, describe patients 
with features of both JP and HHT.1–6 Given the rarity of both 
syndromes and the existence of several reports of patients with 
features of both disorders, it was suspected that a distinct syn-
drome combining these two entities might exist. A combined 
syndrome of JP–HHT, caused by SMAD4 mutations, is now 
recognized as a distinct entity (OMIM 175050).7–13

JP is a genetically heterogeneous autosomal-dominant ham-
artomatous polyposis syndrome characterized by multiple gas-
trointestinal (GI) polyps of juvenile histology. Patients typically 
present in the first or second decade of life14 with symptoms 
including rectal bleeding, anemia, prolapse, abdominal pain, 
diarrhea, and intussusception.15,16 In general, polyps are typi-
cally distributed evenly throughout the colon and are less com-
monly found in the small intestine and stomach.14 However, 
there is a genotype–phenotype correlation between SMAD4 
mutations and severe gastric polyposis.17–19 The total number 
of polyps varies greatly, from a few to hundreds.14 Historically, 

the estimated lifetime risk for GI malignancies for individu-
als with JP has ranged from 39 to 68%; however, this risk has 
been shown to be significantly reduced through increased sur-
veillance.19–21 Approximately half of patients meeting clinical 
criteria for JP have identifiable mutations in the SMAD4 or 
BMPR1A genes.22

HHT is also a genetically heterogeneous autosomal-dom-
inant disorder. It leads to vascular dysplasia characterized 
by mucocutaneous telangiectases of the fingertips, lips, oral 
mucosa, and nose, and arteriovenous malformations (AVMs) 
of the lungs, brain, liver, GI system, and spine.23 Symptoms are 
not typically present at birth but develop with increasing age.23 
The most common presenting symptom is epistaxis, occurring 
eventually in more than 90% of patients and beginning on aver-
age at the age of 12 years.24 Serious complications may result 
if AVMs are unrecognized and untreated, including anemia, 
hemorrhage, brain abscess, transient ischemic attack, seizure, 
and stroke.23 Approximately 80–85% of patients with a clini-
cal diagnosis of HHT have a mutation identifiable in the ENG, 
ACVRL1 (ALK1), or SMAD4 genes.25

Recently, a small number of patients with SMAD4 muta-
tions and the combined JP–HHT syndrome have been reported 
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Heterozygous loss-of-function SMAD4 mutations are associated 
with juvenile polyposis syndrome and hereditary hemorrhagic tel-
angiectasia. Some carriers exhibit symptoms of both conditions, 
leading to juvenile polyposis–hereditary hemorrhagic telangiectasia 
syndrome. Three families have been reported with connective tis-
sue abnormalities. To better understand the spectrum and extent of 
clinical findings in SMAD4 carriers, medical records of 34 patients 
(20 families) from five clinical practices were reviewed. Twenty-one 
percent of the patients (7/34) had features suggesting a connective 
tissue defect: enlarged aortic root (n = 3), aortic and mitral insuf-
ficiency (n = 2), aortic dissection (n = 1), retinal detachment (n = 
1), brain aneurysms (n = 1), and lax skin and joints (n = 1). Juvenile 
polyposis–specific findings were almost uniformly present but vari-
able. Ninety-seven percent of the patients had colon polyps that were 
generally pan-colonic and of variable histology and number. Forty-

eight percent of the patients (15/31) had extensive gastric polyposis. 
Hereditary hemorrhagic telangiectasia features, including epistaxis 
(19/31, 61%), mucocutaneous telangiectases (15/31, 48%), liver arte-
riovenous malformation (6/16, 38%), brain arteriovenous malfor-
mation (1/26, 4%), pulmonary arteriovenous malformation (9/17, 
53%), and intrapulmonary shunting (14/23, 61%), were documented 
in 76% of the patients. SMAD4 carriers should be managed for juve-
nile polyposis and hereditary hemorrhagic telangiectasia because 
symptoms of both conditions are likely yet unpredictable. Connec-
tive tissue abnormalities are an emerging component of juvenile pol-
yposis–hereditary hemorrhagic telangiectasia syndrome, and larger 
studies are needed to understand these manifestations.
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with various findings suggestive of connective tissue disor-
ders, including aortic root dilation, thoracic aortic aneurysm, 
aortic dissection, skeletal features of Marfan syndrome, and 
mitral valve abnormalities.26,27 In addition, two individuals 
with SMAD4 mutations from a series of JP patients had arterial 
aneurysms, and three individuals (genotype not provided) had 
mitral valve prolapse.19 These findings have not been classically 
associated with the JP or HHT entities. All known genes caus-
ative of JP and HHT encode members of the TGF-β signaling 
pathway. Mutations in several other genes within this pathway, 
such as TGFBR1, TGFBR2, TGFB2, and SMAD3, cause familial 
thoracic aortic aneurysms and aortic dissections, which pro-
vides a possible explanation for this reported connection. These 
recent reports provided the foundation for the hypothesis that 
individuals with SMAD4 mutations might be susceptible to a 
broader range of medical issues than their presenting clinical 
features might indicate.

Clinical management recommendations have been published 
for JP and HHT,28,29 but given the genetic heterogeneity involved, 
and the paucity of data on which recommendations are made, 
we sought to increase the understanding of the SMAD4 muta-
tion phenotype by identifying a meaningful number of SMAD4 
mutation carriers and reviewing their medical histories.

mAteRiALs And metHOds
A retrospective multicenter chart review of SMAD4 muta-
tion carriers was conducted at five clinical practices. Patients 
were evaluated in a variety of clinical settings, including HHT 
centers and medical genetics, gastroenterology, and oncol-
ogy departments. These sites included Mayo Clinic Rochester 
(Rochester, MN), Mayo Clinic Florida (Jacksonville, FL), 
Huntsman Cancer Institute and HHT Center, University of 
Utah (Salt Lake City, UT), City of Hope (Duarte, CA), and the 
Royal Melbourne Hospital (Melbourne, Australia). This study 
was approved by the Mayo Clinic institutional review board 
and individually at the other sites if required. Electronic medi-
cal records were searched from 1996 to 2011 using a variety 
of terms including SMAD4, juvenile polyposis, and hereditary 
hemorrhagic telangiectasia. The diagnostic database from the 
Department of Medical Genetics at Mayo Clinic Rochester was 
also reviewed to identify potential cases. Cases from Huntsman 
Cancer Institute were identified through the Hereditary 
Gastrointestinal Cancers Registry, and these patients had 
also undergone a clinical genetics evaluation at Huntsman 
Cancer Institute. The City of Hope Clinical Cancer Genetics 
Community Research Network includes a cross-section of can-
cer center and community-based clinics, and all genetic cancer 
risk assessment patients are invited to participate in an institu-
tional review board–approved prospective registry at the time 
of consultation.30

Inclusion criteria consisted of documentation of a patho-
genic SMAD4 mutation and availability of the patient’s medi-
cal records for review. Patients with Myhre syndrome (OMIM 
139210; a disorder characterized by intellectual impairment, 
dysmorphic facial features, and skeletal anomalies and that is 

caused by gain-of-function mutations in one specific codon in 
the SMAD4 gene) were excluded.

A total of 34 mutation carriers from 20 families were included. 
A standardized detailed chart abstraction form was created, and 
data were abstracted from the medical records at each institu-
tion. Data collected included age at evaluation/procedure, the 
specific SMAD4 mutation identified, clinical features of JP and 
HHT, and results of specific screening tests. In addition to a 
careful focus on SMAD4-associated pathology, such as neo-
plasms and connective tissue findings, the abstraction process 
also provided the opportunity for investigators to review and 
collect information on other types of medical diagnoses. Due 
to the multicenter and retrospective nature of this study and to 
patient and provider variability, there was not a unified surveil-
lance protocol followed for all patients.

ResULts
Thirty-four SMAD4 mutation carriers from 20 families were 
identified and had charts available for review. The mean age at 
last visit was 35.1 years (range: 0.1–74 years). Fourteen differ-
ent mutations were identified; three mutations were reported 
in more than one family. Seven of these mutations have been 
reported previously in association with JP, JP–HHT, or HHT 
(see Supplementary Table S1 online). One individual is report-
edly a member of a family originally investigated in the study 
published by Howe et al.31 He had declined genetic testing but 
has a clinical diagnosis and is a presumed carrier for the c.1372-
1375delACAG mutation.

Clinical findings are summarized in Table 1. Twenty-one per-
cent of the patients (7/34), from five separate families, had fea-
tures of a connective tissue disorder, including enlarged aortic 
root (n = 3), aortic and mitral insufficiency (n = 2), fatal aortic 
dissection (n = 1), retinal detachment (n = 1), brain aneurysms 
(n = 1), and lax skin and joints (n = 1). These individuals were 
all between the ages of 42 and 65 years at the time of this study, 
although exact ages of onset for connective tissue findings were 
not noted. All five families had different mutations in various 
domains of the gene.

Lower GI polyps were reported in 97% of individuals who 
had undergone colonoscopy (31/32, identified at 4–51 years). 
Individuals underwent their first colon exam on average at 
the age of 23 years (range: 4–51 years) for one or more indi-
cations including anemia (n = 8), GI bleeding ± anemia (n = 
12), known or suspected JP (n = 10), obstructive symptoms (n 
= 3), and unknown condition (n = 5). The most recent colon 
exams were conducted at a mean age of 36 years (range: 6–73 
years) and were completed within the preceding 3 years for all 
but three individuals. Polyps were generally pan-colonic and of 
variable histology. The total number of polyps ranged from 1 
to more than 1,000 and did not appear to be associated with 
age; 1 individual (now 42 years of age) was only 17 years of age 
when more than 1,000 polyps were discovered. Polyps were 
present in all but one patient younger than 21 years who had 
a colonoscopy. When the number of polyps was available, 80% 
(16/20) had less than 100 polyps. Thirty-one individuals had 

Genetics in medicine  |  Volume 16  |  Number 8  |  August 2014



590

WAIN et al  |  Appreciating the clinical features of SMAD4 carriersSPECIAL ARTICLE

gastric imaging and 28 had small-bowel imaging, typically by 
upper endoscopy, with first exams performed at a mean age of 
31 years (range: 4–73 years) and 37 years (range: 4–72 years), 
respectively. The most recent gastric and small-bowel imag-
ing studies had been performed within the preceding year for 
all but one individual. Indications for gastric and small-bowel 
screening included bleeding, pain, or another physical symp-
tom (n = 10); screening based on the presence of colon polyps 
or genetic test results (n = 16); or a family history of JP (n = 6). 
Forty-eight percent of the patients (15/31, identified at 26–59 
years of age) had extensive gastric polyposis (often described 
as “carpeted” or “innumerable”), 19% (6/31, identified at 17–63 
years of age) had 1–10 gastric polyps of variable histology, and 
32% (10/31) had no gastric polyps. Small-bowel polyps were 
identified in 39% of patients (11/28, range: 1–10, identified at 
28–52 years of age) and were duodenal in eight individuals 
and duodenal and jejunal in one individual; the sites were not 
specified for two individuals. One individual had diffuse jejunal 
thickening at the age of 58 years.

Malignancies were reported in eight individuals and included 
three individuals with colorectal cancers (diagnosed at the ages 
of 22, 30, and 38 years), two with Hurthle-cell thyroid tumors 
(ages: 21 and 42 years), one with bilateral metachronous malig-
nant ovarian teratomas (ages: 19 and 38 years), one with lym-
phoma (age: 55 years) and jejunal cancer (age: 65 years), and 
one with adenocarcinoma of the esophagus arising in a region 
of Barrett esophagus (age: 39 years). One mucinous neoplasm 
with low-grade dysplasia in the pancreatic head was reported 
(age not provided). The only malignancies that led to diagno-
sis and subsequent screening were the three colorectal cancers. 
The jejunal cancer was found due to new symptoms in an indi-
vidual who was already receiving colon screening. The remain-
ing malignancies appear to have been identified incidentally. In 
addition, 15 individuals had documented surgical procedures, 
including 10 with some type of colectomy or colon resection (2 
for cancer, 7 for polyposis, and 1 for polyposis and Crohn dis-
ease) and 7 with gastrectomy due to either extensive polyposis 
or the presence of very large polyps. Gastric screening was fre-
quently initiated due to new symptoms or family history infor-
mation in individuals already receiving early colon screening.

Features associated with HHT were documented in 76% of 
individuals and included epistaxis (19/31; 61%, all deemed 
abnormal in childhood), mucocutaneous telangiectases 
(15/31; 48%, identified at 5–65 years of age), liver AVM (6/16; 
38%, identified at 21–52 years of age), brain AVM (1/26; 4%, 
identified at 52 years of age), pulmonary AVM (9/17; 53%, 
identified at birth to 52 years of age), and intrapulmonary 
shunting on bubble echocardiogram (14/23; 61%, identified 
at 5–59 years of age). Eight of the nine individuals under the 
age of 21 years had some screening for HHT features (two of 
these had only brain magnetic resonance imaging, whereas the 
remaining had brain magnetic resonance imaging and echo-
cardiogram/chest computed tomography), and 63% (5/8) had 
HHT features. GI bleeding was documented for 83% of the 
individuals with iron deficiency (20/24). All of these individu-
als had known GI polyps, so it is unclear whether anemia was 
due to polyps or bleeding from telangiectases. In addition, 50% 
of patients (17/34), five of whom had no detectable visceral 
AVMs by computed tomography or intrapulmonary shunting, 
were noted to have migraines (n = 9), exercise intolerance (n = 
6), and/or digital clubbing (n = 3), symptoms frequently found 
in patients with HHT.

discUssiOn
The clinical manifestations of JP were present in this cohort of 
SMAD4 mutation carriers, the largest to date, with frequencies 
and characteristics that are quite consistent with the published 
literature.1 Colonic polyps were present in 97% of individuals 
who had undergone colonoscopy; the one individual with no 
colonic polyps was 7 years old at the time of last colonoscopy. 
As expected, gastric and small-bowel polyps were less frequent 
than colonic polyps. However, we observed extensive gastric 
polyposis in 48% of individuals who had this screening, which 
is consistent with previous studies showing that extensive 

table 1 Clinical findings in SMAD4 mutation carriers 

clinical findings
Percentage and 

number of individuals

Colon polyps 97% (31/32)

Gastric polyps 68% (21/31)

  Extensive polyposis 48% (15/31)

  1–10 polyps 19% (6/31)

Small-bowel polyps 39% (11/28)

Neoplasms 26% (9/34)

  Colorectal 9% (3/34)

  Hurthle-cell thyroid 6% (2/34)

  Ovarian teratomas 3% (1/34)

  Lymphoma/jejunal 3% (1/34)

  Esophageal adenocarcinoma 3% (1/34)

  Pancreatic neoplasm 3% (1/34

Epistaxis 61% (19/31)

Telangiectases 48% (15/31)

AVMs

  Brain 4% (1/26)

  Lung 53% (9/17)

  Liver 38% (6/16)

Intrapulmonary shunt 61% (14/23)

HHT-related symptoms in absence of: 

  AVM/IP shunt 15% (5/34)

  Migraines 12% (4/34)

  Seizure 3% (1/34)

Connective tissue finding 21% (7/34)

  Enlarged aortic root 9% (3/34)

  Aortic/mitral insufficiency 6% (2/34)

  Aortic dissection 3% (1/34)

  Retinal detachment 3% (1/34)

  Brain aneurysms 3% (1/34)

  Lax skin and joints 3% (1/34)

AVM, arteriovenous malformation; HHT, hereditary hemorrhagic telangiectasia; 
IP, intrapulmonary.
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gastric polyposis is more common with SMAD4 mutations as 
compared with BMPR1A mutations.17–19 HHT symptoms were 
also observed at rates that are near the expected frequencies 
for individuals with HHT, although some individuals may not 
have met Curacao criteria for clinical diagnosis.6,7 Epistaxis and 
mucocutaneous telangiectases, in particular, were documented 
relatively less frequently in this cohort than is typical for HHT 
patients, 61 and 48%, respectively. This could certainly be due 
in part to age-related penetrance, as nine of the individuals who 
were assessed for these symptoms were younger than 21 years 
of age or because the patients were under the care of physicians 
who were focused on JP rather than HHT.

Previous studies of SMAD4 mutation carriers are consistent 
with the results of this study in that features of JP and HHT 
are regularly present. In 2004, Gallione et al.7 tested 14 patients 
from 7 families with features of both JP and HHT for muta-
tions in the ENG, ACVRL1, and SMAD4 genes. Mutations were 
identified in SMAD4 in all 14 patients. The SMAD4 mutations 
cosegregated with the JP–HHT phenotype. A subsequent case 
series, in 2010, describing the clinical features of JP–HHT 
included 19 patients, 15 of whom had identifiable SMAD4 
mutations.9 All 15 SMAD4 mutation carriers exhibited features 
of both JP and HHT, the most frequent being juvenile polyps 
(15/15), pulmonary AVMs (13/15), epistaxis (13/15), telangi-
ectases (10/15), and anemia (9/15). The most recent series, by 
O’Malley et al.,13 reports SMAD4 mutations in 21 individuals 
from nine families who had a diagnosis of JP. Seventeen of these 
individuals underwent HHT screening; 94% (n = 16) of these 
met clinical criteria for HHT, and 6% (n = 1) had a suspected 
diagnosis.

The rate of malignant neoplasms in our cohort was 24%, 
which is lower than previous reports and may be due to the 
young ages of some individuals as well as more frequent screen-
ing or prophylactic surgery, such as colectomy and gastrectomy. 
Five individuals had neoplasms previously reported in associa-
tion with SMAD4 mutations (three colorectal, one jejunal, and 
one pancreatic). The one patient with esophageal adenocarci-
noma also had Barrett esophagus, the major risk factor for this 
type of cancer.32 To our knowledge, germ line SMAD4 muta-
tions have not previously been reported in association with 
Hurthle-cell thyroid tumors, ovarian teratomas, or lympho-
mas. However, acquired changes in SMAD4 expression and the 
TGF-β pathway have been implicated in tumorigenesis and/or 
progression in papillary thyroid carcinoma, ovarian carcinoma, 
and some lymphomas.33–38 Somatic mutations and loss of het-
erozygosity have also been frequently found in breast cancers, 
and one recent study reported intronic germ line SMAD4 vari-
ants in BRCA1/2-negative breast cancer patients.39 Larger stud-
ies are needed to determine if additional cancer risks may be 
present for SMAD4 mutation carriers.

Connective tissue findings have recently been reported in 
three families with SMAD4 mutations as well as in a few indi-
viduals from a JP cohort.19,26,27 These include mitral valve pro-
lapse, aortic root dilatation, thoracic aortic dissections, and 
some skeletal features suggestive of Marfan syndrome. There 

have also been rare reports of individuals with HHT and large 
aortic aneurysms,40,41 and a genetic mutation (in ACVRL1) 
was reported for only one of them.40 Seven of the 34 individu-
als in the current study (21%), from five separate families, 
had documented evidence of connective tissue findings with 
some features overlapping those of previous reports. In addi-
tion, our results include reports of a retinal detachment, brain 
aneurysms (in the absence of cerebral AVMs), and lax skin and 
joints, which have not been reported previously.

All of the genes associated with HHT (ENG, ACVRL1, and 
SMAD4) are part of the TGF-β signaling pathway, which is 
essential for vascular integrity and angiogenic remodeling.42 In 
addition, SMAD4 has the distinction of also acting as a tumor 
suppressor, which explains the JP phenotype.43 Although the 
newly reported connective tissue findings have not classically 
been considered to be manifestations of JP–HHT, perturba-
tions of the TGF-β pathway due to mutations in other genes, 
such as FBN1, TGFBR1, TGFBR2, TGFBR, SMAD3, MYH11, 
and ACTA2, are well-described causes of several connective 
tissue disorders, such as Marfan syndrome, familial thoracic 
aortic aneurysms and aortic dissections, and Loeys–Dietz 
syndrome.44,45 Therefore, there is biological plausibility for 
observing these additional connective tissue findings, and fur-
ther studies are needed to more formally assess these risks in 
SMAD4 mutation carriers.

The findings of this study strengthen the argument that all 
SMAD4 mutation carriers should be screened following both JP 
and HHT protocols and that echocardiography, which is already 
used with injected saline to screen for pulmonary AVMs, is 
doubly beneficial to assess for enlarged aortic roots.9,13 Patients 
with Loeys–Dietz syndrome and other TGF-β–associated con-
nective tissue disorders are now treated with angiotensin recep-
tor blockers for primary prevention of vascular complications. 
Although mechanistically attractive, no empiric data support 
the use of angiotensin receptor blockers in SMAD4 mutation 
carriers. More rigorously conducted studies are needed to 
quantify the risks, the possible benefits of screening, and the 
efficacy of angiotensin receptor blockers and other therapies. 
Finally, these results underscore the importance of appreciating 
the impact of a patient’s age in assessing phenotype. Age-related 
penetrance is a well-documented phenomenon associated with 
HHT features. Although colonic polyps can frequently be 
found in the first decade of life, there is a wide range of onset, 
and additional studies are needed to better determine the range 
of onset for gastric and small-bowel polyps.

The individuals in this study were ascertained based on 
SMAD4 carrier status, as opposed to a clinical diagnosis of 
JP and/or HHT, and the majority of them had screening for 
manifestations of both conditions. However, this study is still 
limited by a relatively small sample size, the young ages of 
some individuals, and incomplete screening for all findings 
of interest in some individuals. In particular, connective tis-
sue findings may not have been recognized or documented 
adequately in the medical records due to a lack of clinical 
suspicion, so we consider the proportion manifesting those 
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findings as the lowest possible estimate for prevalence in 
JP–HHT.

conclusion
This multicenter retrospective chart review of 34 individu-
als with SMAD4 mutations associated with JP–HHT provides 
additional documentation of the clinical phenotypic spectrum 
associated with these mutations. Regardless of initial clinical 
presentation, the majority of individuals had clinical features 
of both JP and HHT. Findings typically associated with TGF-β 
connective tissue disorders were observed in 21% of individuals 
with SMAD4 mutations. Complete JP and HHT clinical screen-
ing is recommended for all patients with SMAD4 mutations, 
and clinicians should have a high suspicion for aortic root dila-
tation, thoracic aortic aneurysms, or other connective tissue 
pathology in these patients.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper 
at http://www.nature.com/gim
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