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Mutations in the tetratricopeptide repeat domain 7A (TTC7A) gene
cause a severe form of very early onset inflammatory bowel disease
(VEOIBD).1 TTC7A has a crucial role in chaperoning the enzyme
phosphatidylinositol-4-kinase-3-a from the trans-Golgi apparatus
to the plasma membrane to facilitate phosphorylation of phospha-
tidylinositol (PI). The composition of the plasma membrane in partic-
ular levels of phosphorylated PI (PI-4P) are crucial for preserving
epithelial cell polarity and survival.1-3 The clinical spectrum of the
disease varies from multiple intestinal atresias (MIA) to severe auto-
immune enterocolitis clinically evident by infantile-onset intestinal
obstruction/failure, bleeding, and diarrhea.1,4-6 Furthermore, the dis-
ease can be associated with severe immunodeficiency or autoim-
mune phenomena owing to the central role of TTC7A in thymic
architecture.7 Limited published data on TTC7A-deficient patients
suggest a median survival of ,12 months of age.1,4-9 Allogeneic
hematopoietic stem cell transplantation (HSCT) represents a possible
treatment option for therapy-refractory VEOIBD with or without
genetic diagnosis, especially when associated with immunological
impairment.10-13 Moreover, evidence on the interaction between
hematopoietic donor and host epithelial cells in stem cell trans-
plantation might lead to a potential benefit of HSCT in certain
epithelial disorders.14-16 TTC7A-deficient patients with associated
immunodeficiencymay therefore benefit fromHSCT; however, the
effect of engrafted donor cells on chronic intestinal inflammation
and gut epithelial tissue regeneration is unknown.14,15 Follow-up
data on HSCT in TTC7A deficiency are required to understand the
impact of this treatment on the disease phenotype and to guide the
management of future cases. In this study, we report the clinical and
histological evolution of 4 TTC7A-deficient patients who are alive
19 to 114 months post-HSCT.

Anthropometric data, clinical features, and laboratory results from
affected patients were extracted from clinical notes and prospective
databases. One of the 4 patients included in this study was previously
reported with shorter post-HSCT follow-up.6 We recruited candidates
for molecular evaluation, including next-generation sequencing, as
part of the PETITStudy (PatientswithEarlyOnset Intestinal Inflamma-
tion Study). Themolecular diagnosis was established through whole
exome sequencing in 3 patients (in 1 case as previously reported6;
for the other 2, Beckman Coulter Genomics on Illumina HiSeq2000,
SureSelect Human All Exon Kit Version 4 Agilent Technologies,
alignment: Burrows-Wheeler Aligner software, refinement: Ge-
nomeAnalysis Tool Kit) and targeted sequencing in 1 patient (polymer-
ase chain reaction according to standardized diagnostic laboratory

criteria; protocol provided upon request). Intestinal biopsies were
fixed, paraffin embedded, and stained (hematoxylin and eosin)
according to standardized diagnostic laboratory criteria (protocol
provided upon request). Patients were informed and consented to
functional studies and genetic sequencing as part of the PETIT Study.
Ethical approval was obtained from the National Research Ethics
Service Committee London, Bloomsbury. Between 2005 and 2013,
3 patientswith TTC7Adeficiencywere treated atGreatOrmond Street
Hospital (London, United Kingdom), and 1 patient was treated at
Boston Children’s Hospital (Boston, MA; extended medical histories
are in the supplemental Material, available on the BloodWeb site). In
1 case, a family history of early infantile deaths because of obstructive
intestinal disease in the patient’s siblings was established. All children
were diagnosed antenatally with bowel obstruction, required multiple
surgeries in the neonatal period to address gut strictures, and were
dependent on parenteral nutrition (PN) within the first 6 months
of life. In 3 patients, attempts to control intestinal inflammation by
deploying multiple immunosuppressant agents were undertaken
without consistent improvement. There was evidence of immune
dysfunction/dysregulation in all patients varying from severe T- and
natural killer (NK)–cell deficiency with impaired mitogen response
and low T-cell receptor excision circles (TRECs) to mild TREC
impairment (Table 1; detailed in supplemental Tables 3 and 4).
Patients received HSCT after reduced toxicity conditioning or
serotherapy alone at 3, 9, 14, and 17 months of life (Table 1). At the
time of writing, all children were alive at 19, 50, 66, and 114 months
post-HSCT. Donor engraftment was complete in 1 and mixed in 3
patients with normal immune reconstitution in all children (Table 1;
detailed in supplemental Table 3). Three patients required major
surgical revisions for ongoing gut strictures post-HSCT, and 2 are
still on immunosuppression. None of the patients could be weaned off
PN, and2are currently listed formultivisceral transplantation because of
additional liver dysfunction. Intestinal inflammation and abnormal
epithelial features persisted beyond HSCT in all children (supple-
mental Material; supplemental Table 1) consistent with ongoing
primary disease as opposed to a possible allogeneic phenomenon
(ie, gut GVHD). Post-HSCT, 1 patient developed severe sensorineural
deafness and immune-mediated hypothyroidism, 1 developed “flaky
skin” phenotype and lung dysfunction of unclear origin. In 3 children,
advanced liver disease with bridging fibrosis possibly because of long-
term PN was established.

Published data on TTC7A deficiency are scarce. Overall, 52 cases
with genetically confirmed TTC7A deficiency were reported in the
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literature.3,6-9,15,16 Clinical outcomes are available for 45 patients,
30 of whom have died (median age at death 8 months). Fifteen
reported patients are alive at amedian age of 27months. All of them
have a severe gastrointestinal disease (severe diarrhea, gut failure,
and MIA), 6 are PN dependent, and 11 show signs of immunode-
ficiency and/or autoimmune disorders.1,6-8 Most of the reported
patients were treated symptomatically and managed with support-
ive medical and surgical care. One reported case was referred for
combined small intestine and HSCT but was lost to follow-up.6 Six
published patients underwent HSCT, of whom 5 died within the first
year postprocedure (3 from infections, 1 from disease progression,
and 1 from unknown causes).6,8,9,15 The only survivor is reported here
as patient 4.

More than 20 private mutations in the TTC7A gene have been
described ranging from homozygous deletions as demonstrated in the
first publication associating the TTC7A gene with MIA4 to compound
heterozygous missense mutations.1,6,8,9 There is insufficient evidence
to suggest a correlation between type or position of the mutation
within the TTC7A gene and clinical severity. This is confirmed by
our findings. Survival and clinical and histological evolution of the
diseaseappeared tobesimilar inourpatientsdespitemarkedlydifferent
genotypes. Patient 2 harbored a large homozygous deletion in exon 1
(Table 1; Figure 1) leading to a premature stop codon at the start of
exon 2 (amino acid position 67) rendering the presence of a functional
TTC7A protein highly unlikely. Considering that 3 patients in our
cohort underwent HSCT at a higher median age than the reported
median age of death in the literature, we suggest that disease
severity plays a central role in early patient survival and eligibility
for HSCT. All our patients are alive post-HSCT, suggesting that
reduced or minimal toxicity conditioning is a critical point to avoid
transplantation-related mortality and still obtain T-cell engraft-
ment. Our findings suggest that although HSCT was feasible and
safe, correcting the immune dysfunction through HSCT in TTC7A
patients did not influence the epithelial phenotype or promote
enteral tolerance. Restoring immunocompetence in patients with
concomitant immunodeficiency may nevertheless increase the
chance for long-term survival limiting infection-related comorbid-
ities across multiple surgeries and long-term PN. The role of HSCT
in preventing immune-mediated phenomena, which appear later in
life for TTC7A-deficient patients has yet to be established and is
therefore difficult to include in the decision-making process.7 Small
bowel transplantation in genetically confirmed TTC7A deficiency has
not yet been reported, but given the overall improving results of
intestinal transplantation in children, this might be an option in
selected cases.17,18
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Figure 1. Patients’ characteristics. (A) Pedigree for patient 2 with TTC7A deficiency. (B) Integrative Genomics Viewer of whole exome sequencing data from patient 2. Broad

gray bars represent sequenced reads aligned to the reference genome. Thin gray bars represent missing/deleted segments (large 34-bp deletion demonstrated in exon 1,

confirmed on Sanger sequencing). (C) Hematoxylin and eosin–stained gut biopsies taken pre-HSCT and 6 months and 18 months post-HSCT (from left to right) from patient 2.

Unfilled white arrows indicate apoptotic debris. Filled white arrows indicate infiltration of the lamina propria with lymphocytes, eosinophils, plasma cells, and neutrophils. (D) Position

of all causative mutations within TTC7A gene (top line: exon 1-20) and position within TTC7A protein (lower line: tetratricopeptide repeat domains 1-9) for all 4 patients.
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