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Case Report

Novel TTC37 mutations in a patient with Trichohepatoenteric
syndrome: a case report and literature review
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Background: Trichohepatoenteric syndrome (THES) is a rare autosomal recessive genetic disease caused
by pathogenic mutations in 77C37 or SKIV2L gene. The presentation is variable, including intractable
diarrhea, woolly hair abnormality, immune dysfunction, intrauterine growth restriction (IUGR), facial
dysmorphism, and sometimes liver and skin abnormalities. Although four Chinese children affected with
THES syndrome 1 have been described in Singapore, Taiwan (China) and Malaysia, to our knowledge, this
is the first report of a patient with THES in Mainland China, harboring classical platelets features, clinical
course, and novel mutations in 77C37 gene.

Case Description: The male infant had symmetrical IUGR, and was born at 37" weeks with a birth
weight of 1,480 g. He presented with feeding difficulties and vomiting from the 12* day after birth during
the stay in neonatal intensive care unit, and had excessive diarrhea from the 21st day after birth. From
the 35 day after birth, even slightly hypotonic oral rehydration solution caused watery stools. The blood
glucose level was lower than 3.3 mmol/L even when the glucose infusion rate was up to 14 mg/kg/min on
the parenteral alone, which has not been reported in previous literature. Normal a-granules were observed
occasionally in THES platelets. Whole-exome sequencing analysis identified compound heterozygous
mutations (¢.4130C > G: p.S1377X) and (Exonl11-13 del) in the TTC37 gene, which had been inherited
from his father and mother, respectively. To our knowledge, the above mutations have not been described
in any database or previous literature. Total parenteral nutrition was employed as mainstay of therapy, and
hydrocortisone (1 mg/kg/dose, every 4 hours) was used to maintain blood glucose levels. The patient’s final
prognosis was poor after discharged from the hospital.

Conclusions: This case presented with mild platelet abnormality and intractable hypoglycemia, which
extends the known mutation and phenotype of THES. The clinical features of Chinese patient are consistent
with other ethnicity. Molecular diagnosis is useful for patients with unexplained intractable diarrhea, which

puts an end to a long diagnostic odyssey.
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Introduction

"Trichohepatoenteric syndrome (THES) is a rare autosomal
recessive genetic enteropathy with a global incidence
estimated at 1/1,000,000 births; it is also known as
phenotypic diarrhea and syndromic diarrhea (1). The
main features include intractable diarrhea, woolly hair
abnormality, immune dysfunction, intrauterine growth
restriction IUGR), facial dysmorphism, and sometimes
liver and skin abnormalities. However, the spectrum of
symptoms is broad, and patients do not always present with
all the main features. Intractable diarrhea usually occurs
in the first days of life, but sometimes it can occur later in
life (2). Some patients require life-long parenteral nutrition
for survival, while others could be weaned to full enteral
feeding (3). However, THES with immunodeficiency
presenting without diarrhea has also been reported (4).
Mild intellectual disability is seen in almost 50% of affected
individuals, which may be caused either by THES itself or
secondary to malnutrition caused by THES (5). Additional
less common and consistent findings include congenital
cardiac abnormalities and platelet dysfunction (5).

The molecular basis of THES has been investigated.
Tetratricopeptide repeat domain-containing protein 37
(TTC37) and super killer viralicidic activity 2 (SKIV2L),
which both encode proteins involved in RNA processing
and degradation, have been identified as causative gene
of THES. The occurrence of mutations in 77C37 gene
on chromosome 5, as the cause of two-thirds of THES
cases, was defined as THES syndrome 1 (OMIM, #222470;
*614589) in early 2010 (6). THES was first described by
Stankler et /. in 1982 (7). To date, less than 100 affected
individuals and more than 50 77C37 mutations have been
described (5,6,8). Although four Chinese children affected
with THES syndrome 1 have been described in Singapore,
Taiwan (China) and Malaysia, to our knowledge, this is the
first report of a patient with THES in Mainland China,
harboring classical features, clinical course, and novel
mutations in 77C37 gene (9-12). In addition to intractable
diarrhea, woolly hair abnormality and fair skin, the infant
presented with mild platelet abnormality and intractable
hypoglycemia. This case extends the known broad clinical
phenotype of THES. We present the following article in
accordance with the CARE reporting checklist (available
at https://tp.amegroups.com/article/view/10.21037/tp-21-
574/rc).

© Translational Pediatrics. All rights reserved.

1051

Case presentation

A male infant from Chinese mainland was born at
37" weeks of gestation with a birth weight of 1,480 g (<
third percentile) by emergent cesarean section due to
intrauterine fetal distress. His head circumference was
29.5 c¢m (< third percentile), and his height was 37.4 cm
(< third percentile). As shown in Figure I, he had
minor dysmorphic features with a wide and prominent
forehead, prominent ears and cheeks, fair skin, and curly
and hypopigmented hair. He was the first-born child to
non-consanguineous parents with no significant family
history. The 1 min and 5 min Apgar scores were 7 and 9,
respectively. The amniotic fluid, placenta, and umbilical
cord were normal. The infant was admitted to neonatal
intensive care unit due to his low birth weight. His mother
was healthy but experienced hyperemesis gravidarum
throughout the pregnancy. The antenatal examination
was followed regularly, and all results were normal except
for ultrasound evidence of TUGR from 21" weeks of
pregnancy. At 11 days of age, the infant achieved full
enteral nutrition (preterm formula: 156 mL/kg/day).
However, on the next day, he experienced vomiting,
abdominal distention, and inappetence. After halving the
formula feeding volume, the feeding status improved. At
20 days of age, the feeding volume achieved 164 mIL/kg/day,
but the fasting blood glucose level was only 3.4 mmol/L.
On the following day, he presented fever, watery diarrhea,
abdominal distention, and inappetence. Metabolic disorders
were excluded by tandem mass spectrometry, urine-blood
amino acids analysis. After switching to total parenteral
nutrition and cessation of feeding for 3 days, diarrhea
improved. The proportion of eosinophils in the blood was
up to 17.6% (0.5-5.0%), the elevated eosinophil count
was 4.31x10%/L (0.2-2.0x10°/L). Considering elevated
eosinophils indicate hypersensitivity, amino acid-based
formula was started at 24 days of age. After 8 days of
feeding with amino acid-based formula, watery diarrhea
again appeared, and it was accompanied with hypoglycemia.
From then on, even slightly hypotonic oral rehydration
solutions aggravated watery diarrhea. Liver enzymes and
abdominal ultrasound including liver, spleen, and pancreas
were normal. At 46 days of age, the blood glucose level was
as low as 2.7 mmol/L, even when the glucose infusion rate
was up to 14 mg/kg/min on the parenteral alone. At the
same time, the insulin level was 1.4 plU/mL and the infant
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Figure 1 The schematic diagram summarizing the clinical features of the infant. At 11 days of age, the infant achieved full enteral nutrition
(preterm formula: 156 mL/kg/day). At 20 days of age, the feeding volume achieved 164 mIL/kg/day and the fasting blood glucose level was
3.4 mmol/L. On the following day, he presented fever, watery diarrhea, abdominal distention, and inappetence. After switching to total
parenteral nutrition and cessation of feeding for 3 days, diarrhea improved. Amino acid-based formula was started at 24 days of age. After
8 days of feeding with amino acid-based formula, watery diarrhea again appeared, and it was accompanied with hypoglycemia. From then
on, even slightly hypotonic oral rehydration solutions aggravated watery diarrhea. At 46 days of age, the blood glucose level was as low as
2.7 mmol/L, even when the glucose infusion rate was up to 14 mg/kg/min on the parenteral alone. Hydrocortisone (1 mg/kg/dose, every
4 hours) was used to maintain blood glucose levels until he was discharged (for 4 days). This image is published with the consent of the

patient’s parents. ORS, oral rehydration solution; GIR, glucose infusion rate.

got adequate weight gain with total parenteral nutrition.
The levels of growth hormone, insulin-like growth
factor 1, cortisol, adrenocorticotropic hormone, creatine
kinase, thyroid hormones were normal. Additionally,
metabolic diseases were ruled out according to tandem
mass spectrometry and urine-blood amino acids analysis.
Hydrocortisone (1 mg/kg/dose, every 4 hours) was used to
maintain blood glucose levels until he was discharged (for
4 days). In view of the above, we speculated the
hypoglycemia might be associated with THES. The
whole-exome sequencing analysis identified compound
heterozygous mutations (¢.4130C > G: p.S1377X) and
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(Exonl1-13 del) in the T7TC37 gene, which had been
inherited from his father and mother, respectively (Figure 2).

Throughout the hospital stay, there was no infection.
Lymphocyte subpopulations analysis (CD3*CD197, CD3"
CD19", CD3*'CD4", CD3°'CD8", CD3/CD16"CD56")
showed normal cellular proportions. Immunoglobulin levels
detection showed hypogammaglobulinemia of IgG [1.1 g/L,
(6.6-17.5)]. Platelet size and aggregation responses to ADP
(100 pmol/L) were normal, but the membrane surface-
connected canalicular system was disrupted in the thin-
section transmission electron microscopy images (Figure 2).
The number of normal a-granules was reduced significantly
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Figure 2 Genetic mutations and hair and platelet abnormalities in the infant with THES. The infant had compound heterozygous mutations
(c.4130C > G) and (Exonl1-13 del) in the TTC37 gene, which had been inherited from his father and mother, respectively. The hair of

proband showed hypopigmentation and breakage in light microscopic examination. Thin-section electron microscopy of a representative

normal and THES patient. Black bar, 500 nm. Normal a-granules were observed in control platelets (10+3 a-granules/platelet section) (white
arrows) and occasionally in THES platelets (4+2 a-granules/platelet section), P<0.05. THES, Trichohepatoenteric syndrome.

in THES platelets compared to control platelets (42
a-granules/platelet vs. 10+3 a-granules/platelet section,
P<0.05). We did not observe any lipid inclusions or
electron-dense lysosomal bodies fused with an o-granules
in our case. Light microscopy of hair showed decreased
hair shaft pigmentation but no trichorrhexis nodosa.
The parents refused intestinal biopsy, so intestinal tissue
was not inspected. The infant had global developmental
delay, but the neonatal behavioral neurological assessment
was normal. At 52 days of age, after confirmation of the
diagnosis, he was discharged from the hospital according
to his parents’” wishes. At that time, his weight was 2,200 g
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(<third percentile), his head circumference was 34.0 cm
(<third percentile), and his height was 44.5 cm (<third
percentile). Then, he was fed breast milk at home with
persistent liquid stools. We learned of his death at home
without venous access at 4 months of age during a follow-
up phone call.

All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the
Helsinki Declaration (as revised in 2013). Written informed
consent was obtained from the patient’s legal guardians
for publication of this case report and any accompanying
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Figure 3 The bioinformatic model of the component of SKI complex. (A) Domain organization of the human SKI subunits 77C37. The
protein contains tetratricopeptide repeat domains (TPRs 9-16, 17-24, 25-32, 33-40), which form the C-terminal regions of 77C37 (TTC37
TPR9-40). The N-terminal regions of T77C37 (TTC37y; TPR1-8) is flexible. (B) The SKI complex is essential in exosome-mediated RNA
surveillance. TTC37 (blue), SKIV2L, and two WDRG61 subunits act as a guide for RNA capture. (C) The nonsense mutation (c.4130C > G)
and deletion mutation (Exon11-13 del) in 77C37 gene may result in the production of abnormal TTC37 (pink), subsequently inducing loss

of function of SKI complex, which assist exosomes in RNA capture. Adapted from (6,13). SKI, superkiller.

images. A copy of the written consent is available for review
by the editorial office of this journal.

Discussion

Clinical heterogeneity of THES makes the diagnosis
challenging. Although the acronym THES includes
trichomes, hepatitis, and enteritis, any of these features
may lack or evolve with time (2). Whole-exome sequencing
analysis should be considered to guide treatment, prognosis,
and genetic counseling. The management mainly involves
chronic administration of parenteral nutrition and
immunoglobulin supplementation. Immunosuppressive
medications and steroids are not recommended (8). In
our case report, diarrhea was not improved by steroids
therapy. Since the stem cell transplantation resolved the
immune defect but not the other features, it is also not
recommended (8). The prognosis is mainly dependent on
the immune status, the severity of diarrhea, and the need
for long-term parenteral nutrition.

The protein coded by TTC37 gene containing tetratrico
peptide repeat domains is a component of superkiller
(SKI) complex involved in exosome-mediated RNA
surveillance including the regulation of normal mRNA
and decay of nonfunctional mRNA (Figure 3). Pathogenic
variants of TTC37 can reduce protein expression or alter
protein function, subsequently inducing loss of function

© Translational Pediatrics. All rights reserved.

of SKI complex (13). SKI complex is expressed at different
levels in different cell types/tissues; therefore, T77C37 has
multisystem effect and could affect one cell type/tissue
more than another. However, the underlying mechanism
by which mRNA surveillance defects lead to the symptoms
associated with THES in multiple systems remains
unclear. We detected two novel mutations in our patient,
which were both loss-of-function mutations. The mutation
(exon 39, c.4130C > G) is predicted to be “disease_
causing_automatic” by MutationTaster_pred. Insertion
and missense mutations in exon 40-42 in the 77C37 gene
have been reported to be pathogenic mutations (6). The
nonsense mutation (exon 39, ¢.4130C > G) is presumably
devastating to the protein structure by leading to the
creation of a premature stop codon and a truncated and
nonfunctional peptide chain (Figure 3). The loss of exon
11-13 in our case was in frame. Given that the exon 12 is
related to tetratricopeptide repeat domains as reported in
previous literature (14), the change of an amino acid due
to deletion mutation (Exonl11-13 del) in 77C37 gene may
result in the production of abnormal tetratricopeptide
repeat domains.

Almost all patients with THES caused by mutations
in TTC37 gene had growth retardation (intrauterine
growth retardation or extrauterine failure to thrive),
facial dysmorphy (especially prominent forehead) and
hair abnormalities (trichorrhexis nodosa, or woolly/
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Table 1 The comparison of the patient feature in our case versus literature feature

Patient identification Mgi:il::d Singapore Malaysia Taiw::s(:):ina) Taiwg:s(:)g ina) Total patients
Growth (IUGR/failure to thrive) IUGR Failure to thrive  Failure to thrive Failure to thrive IUGR Almost all
Facial dysmorphy Yes Yes Yes Yes No Almost all
Hair abnormalities Yes Yes Yes Yes No Almost all
Skin abnormalities Fair skin Eczema No Café’au lait spots No Approximately50%
Refractory diarrhea (onset age) Yes (3 wk) Yes (4 wk) Yes (2 mo) Yes (2 wk) Yes (new born) Almost all
TPN Yes Yes Yes Yes Yes Almost all
Liver disease No Cirrhosis Hepatomegaly Cirrhosis Cirrhosis Approximately 50%
Neurodevelopmental delay No Yes No Yes No Approximately 50%
Dysimmunity Yes Yes No Yes Yes Approximately 50%
Cardiovascular No Small to moderate No Coaractation of Atrial septal  Approximately 10%
fenestrated atrial aorta defect
septal defect
Platelet anomalies Yes No No Yes No Occasional
Skeletal anomalies No No Poor dentition No No Occasional
Genitourinary system No No No No No Occasional
Abnormality of iron homeostasis Not Not available Not available Not available Not available Occasional
available
Mutation in genomic DNA c.4130C>G c.3691C>T; c.3426dupA Del3464-5AA c.3507G>T;
Exon 11-13 c.3507T>G (homo) (homo) Ins3724A
del

IUGR, intrauterine growth retardation; TPN, total parenteral nutrition.

curly/brittle hair) (15). Approximately half of the patients
presented skin abnormalities (especially cafe’ au lait spots)
and mild intellectual disability. The expression level of
TTC37 mRNA is high in the intestines and pathogenic
variants of TTC37 gene disturb RNA exosome to affect
the localization of apical transport proteins, thereby
almost all patients presented intractable diarrhea (14).
Only a small percentage of patients reach normal oral
nutrition after many years of total parenteral nutrition.
However, intestinal biopsy of all reported patients to date
has suggested nonspecific villous atrophy. About 50% of
the patients had abnormalities in liver biochemistry or
ultrasonic appearance (10,16). Although the expression
level of TTC37 in the liver is much lower than that
in other tissues, hepatic dysfunction was observed
irrespective of parenteral nutrition, even before the
onset of diarrhea (14). In addition, immunity impairment
is another common feature of THES. About 50% of
reported patients presented low serum concentration of
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immunoglobulins or lack of humoral immune responses
to immunization, although they had normal leukocyte and
differential cell counts (6). The pathogenesis might be
attributed to very low switched memory B lymphocytes
count, impaired IFN-y production by T and NK cells,
reduced degranulation of NK cells, and abnormal T cell
proliferation (9,17,18). Moreover, intractable diarrhea
induces the loss of immunoglobulins from the intestines
and breaks intestinal homeostasis, which may also lead
to downregulation of vaccine response (9). Other rare
symptoms include cardiovascular, genitourinary system,
platelet anomalies, skeletal anomalies and abnormality of
iron homeostasis, et a/. The clinic features of previous four
Chinese children and our case with THES syndrome 1 are
consistent with other ethnicity (7able I). The percentage
individuals with platelet anomalies, a less frequent sign
of THES, is 14% in patients with 77C37 mutation (6).
Although reduced platelet a-granules and abnormal
platelet canalicular system were observed in our patient,
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there was no hemorrhagic diathesis. That finding was
consistent with the normal results of platelet aggregation
assay and blood coagulation index, as well as with previous
report (14). However, the molecular basis has not been
elucidated.

It is noteworthy that the intractable hypoglycemia
observed in our case has not been reported before in
patients with THES. Even though there was a report
of one THES patient with hyperinsulinism, no details
were provided (16). In our patient, we excluded all
metabolic, endocrine disorders, and genetic disorders
causing hypoglycemia. Moreover, TTC37 disruption has
been shown to cause mitochondrial dysfunction (19). A
Drosophila model with disrupted 77C37 showed growth
retardation, triacylglycerol accumulation, and aberrant
metabolism in glycolysis and T'CA cycle (20). The impaired
aerobic metabolism may also cause hypoglycemia. However,
the intractable hypoglycemia is relation to T7C37 gene
mutation or secondary to malnutrition is still unknown. The
association between intractable hypoglycemia and T7TC37
genetic defect needs further evaluations.

In conclusion, our report described a first case of a
Chinese infant with THES caused by 7T7C37 mutation
from China mainland. Two novel mutations (c.4130C > G)
and (Exonl1-13 del) extend the gene mutation spectrum
of THES. The clinical features of Chinese patient are
consistent with other ethnicity. Molecular diagnosis is useful
for patients with unexplained intractable diarrhea, which
puts an end to a long diagnostic odyssey. The prenatal
genetic diagnosis is possible, if the parents, whose infant
with THES, are identified with 7TC37 pathogenic variants.
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