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A B S T R A C T   

Unexplained diarrhea and cholestasis are common clinical phenotypes in newborns, indicating there is only a 
little common genetic basis for these conditions. However, it has been reported that defects in the UNC45A gene 
can lead to osteo-oto-hepato-enteric syndrome. However, to date, only 10 patients with this syndrome have been 
reported in 2 studies; therefore, there is still a lack of analysis regarding the correlation between disease 
phenotype and genotype. Trio-whole exome sequencing was conducted using DNA samples from a newborn with 
congenital diarrhea and cholestasis from a Chinese Han family. The UNC45A variants were verified using Sanger 
sequencing. In addition, we applied a crystal structure model to analyze the potential hazards associated with the 
variants. The plasmids were constructed in vitro and transfected into human 293T cells for Western blot (WB) 
analysis. After the mutant protein was fused with the Green Fluorescent Protein label, intracellular localization 
was observed using laser confocal microscopy. The gene detection results showed that the UNC45A gene of the 
newborn examined in the present study harbored the compound heterozygous variants p.Arg819Ter, and p. 
Leu237Pro; this was confirmed via Sanger sequencing. Analysis of the Leu237Pro crystal structure model sug
gested that this variant may decrease local structural stability and affect protein function. The Western blot and 
laser confocal microscopy observation results suggested that the Leu237Pro mutation leads to reduced protein 
expression, while the Arg819Ter mutation completely inhibits the expression of the protein. The compound 
heterozygous variants of UNC45A (p.Arg819Ter and p.Leu237Pro) may be pathogenic factors of congenital 
diarrhea and cholestasis in this neonatal patient. Therefore, UNC45A deficiency should be considered when 
intractable diarrhea and cholestasis occur in newborns.   

1. Introduction 

Congenital diarrhea and cholestasis are common digestive system or 
hepatobiliary diseases in newborns and infants. However, the etiology of 
these symptoms is complex, and it is necessary to distinguish between 
diarrhea and various other diseases with similar or overlapping phe
notypes, such as microvillus inclusion disease (MVID), and conse
quently, accurate diagnose such diseases. Therefore, diagnosis based on 
clinical features, biochemical indicators, radiological features, and 

histopathology has become challenging (Balistreri et al., 2005; Fawaz 
et al., 2017). Congenital diarrhea (CDDs) can cause life-threatening 
symptoms, mainly in the neonatal stage. However, the causes of diar
rhea are complex and may be related to digestive disorders, intestinal 
immunity, and other factors (Esposito., 2021). In contrast, biliary atresia 
is the most common cause of cholestasis. Approximately 25–50% of 
cases can be explained by single gene defects, and the functions of these 
genes are mainly related to direct or indirect factors of physiological 
processes, such as bile production, transportation, and excretion 
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(Goldberg and Mack, 2020; Feldman and Sokol, 2013). 
However, there are only a few studies regarding the common genetic 

basis of CDDs and cholestasis in newborns and infants. Esteve et al. 
found a biallelic UNC-45A variant in four patients with congenital 
cholestasis, diarrhea, repeated fractures, and deafness in three families 
in 2018 and called this disease the osteo-oto-hepato-enteric syndrome 
(OOHE, OMIM#619377) (Esteve et al., 2018). UNC-45A encodes an 
uncoordinated-45a myosin chaperone protein. Its participation in the 
biological functions of the human hepatobiliary and gastrointestinal 
systems remains largely unknown (Barral et al., 2002). To date, only ten 
OOHE patients have been reported worldwide, and 13 UNC-45A vari
ants related to the disease have been reported. Therefore, there is a lack 
of research regarding this rare disease, especially, clinical reports of 
neonatal patients with this condition (Esteve et al., 2018; Duclaux-Loras 
et al., 2022). 

In the present study, we report a newborn with OOHE and analyze 
the biological hazards of two UNC-45A variants. To the best of our 
knowledge, this is the first patient with OOHE in China. This study 
focused on the disease characteristics of newborns with OOHE and 
further expanded the UNC-45A variation spectrum. 

2. Materials and methods 

2.1. Subjects 

The patient who participated in this study came from a non- 
consanguineous family and was admitted to the Anhui Children’s Hos
pital Department of Neonatology. All studies were approved by the 
Medical Ethics Committee of the Anhui Children’s Hospital. 

2.2. Gene analysis 

After the patient’s parents signed the informed consent form, the 
patient and her parents were tested using trio-whole exome sequencing 
(trio-WES). After collecting 3 mL of peripheral blood from family 
members (EDTA tube anticoagulation treatment), leukocyte DNA was 
extracted according to the instructions of the genome extraction kit 
(CwBio, Beijing, China). After the library was constructed, the designed 
sequence was captured by the Illumina NoveSeq 6000 high-throughput 
sequencer (Illumina, San Diego, CA, USA). For the screened variants, the 
distribution databases of the normal population, including dbSNP (www 
.ncbi.nlm.nih.gov/snp), ExAC (www.exac.broadinstitute.org/), and 
1000 Genome (www.1000genomes.org) databases, and GATK software 
were used to analyze the single nucleotide variant, insertion-deletion, 
and other variants. After filtering out the invalid variants, the hazard 
associated with a reliable variation spectrum was predicted and 
analyzed (SIFT [www.sift.bii.a-star.edu.sg], Polyphen2 [www.genetics. 
bwh.harvard.edu/pph2], and MutationTaster [www.mutationtaster. 
org] online software). For suspected variants, primers were designed 
according to the Ensemble database (http://ensemblgenomes.org/), and 
Sanger verification was performed with an ABI 3500XL analyzer. 
Finally, the American College of Medical Genetics (ACMG) guidelines 
were used to rate the pathogenicity of the variants (Richards et al., 
2015). 

2.3. Prediction and analysis of crystal structure 

The human UNC-45A amino acid sequence file (UniProtKB - 
Q9H3U1) was retrieved from the UniProt database (https://www.uni 
prot.org/), and the sequences of several species were compared for 
conservative analysis. The Robetta online protein structure prediction 
server was used to predict the three-dimensional structure of wild-type 
and variant proteins (https://robetta.bakerlab.org/) (Baek et al., 2021). 
A three-level structure with a complete structure was constructed by 
comparing the modeling templates and restricting the modeling condi
tions. The variant structure was constructed on the wild-type model, 

analyzed, and displayed using PyMOL version 2.3. 

2.4. Cell culture and plasmid construction 

Human 293T cells (Shanghai Cell Bank) were cultured in high- 
glucose Dulbecco’s modified Eagle’s medium (DMEM; GIBCO, USA) 
containing 10% fetal serum. The cells were cultured at 37◦C under 5% 
CO2 conditions; the plasmid was transfected with Lip2000 (Thermo 
Scientific, Waltham, MA, USA) when the cell density reached 60% in a 6- 
well plate. The pECMV-3 × FLAG-N and pCDNA3.1-gfp-1 vectors were 
used to construct UNC45A-WT with the wild-type plasmid according to 
the instructions of Phanta® Max Super-Fidelity DNA Polymerase 
(Vazyme #P505). The mutant plasmid was constructed according to the 
instructions of the Mut Express MultiS Fast Mutagenesis Kit V2 (Vazyme 
#C215) to generate UNC45A-MUT. The primer sequences used for 
amplification are listed in Table 1. After verification by Sanger 
sequencing, plasmids were amplified and extracted. 

2.5. Western blotting (WB) 

The total protein of human 293T cells was extracted with radio
immunoprecipitation assay (RIPA) buffer (Beyotime, China) 48 h after 
transfection, and the protein concentration was measured with the 
Multiskan MK3 (Thermo Scientific, Waltham, MA, USA). After high- 
temperature denaturation, the protein was separated using 10% so
dium dodecyl sulfate-polyacrylamide gel electrophoresis. After transfer, 
the polyvinylidene fluoride membrane (Bio-Rad, USA) was incubated 
with the primary antibody (mouse anti-human flag, CST cat#8146, 
1:1000; mouse anti-human β- Actin, CST, cat#3700, 1:1000) at 25◦C for 
2 h, and then with the secondary antibody (anti-mouse IgG, HRP-linked 
antibody, CST, cat#7076, 1:5000) for 1 h. Then the chemiluminescence 
system (Tianneng, Shanghai) was used for detection. ImageJ software 
was used to analyze the average fluorescence intensity of the proteins in 
the cells. 

2.6. Observation of protein localization by laser confocal microscopy 

After fusing the C terminal of the UNC45A protein with the green 
fluorescent protein (GFP) tag, the protein localization can be observed 
using laser confocal microscopy, and the protein expression can be 
indirectly reflected. 293T cells that grew well after transfection in 
confocal Petri dishes (Biosharp, #BS-20-GJM, Hefei, China) were fixed 
with 4% paraformaldehyde tissue fixative (Biosharp, #BL539A, Hefei, 
China) for 20 min, washed with PBS, and stained with an appropriate 
amount of DAPI staining solution (Beyotime, #C1005, Shanghai, 
China); the stained samples were visualized using a confocal microscope 
(1000 × magnification). 

Table 1 
Primer sequence information involved in plasmid construction.  

Construction of UNC45A-WT amplification primer sequence with wild-type plasmid 

F1: 5′- ctcaccatggtggcgaccggtAGCTTGGTACCGAGCTCGG -3′

R1: 5′- tcacagtcatGGACCCACCACCGCCCTT -3′

F2: 5′- tggtgggtccATGACTGTGAGTGGTCCAGGGA -3′

R2: 5′- ctagcgtttaaacttaagcttCTCTCCATCTTGGTTGGGTTGG -3′

UNC45A-MUT amplification primer sequence with variant plasmid (Leu237Pro) 
F:5′- TGAGCATACcGGGAACTCGGCGAGTAGTCTCC -3′

R: 5′- AGTTCCCgGTATGCTCAGGGTTGCCACTGTCC -3′

UNC45A-MUT amplification primer sequence with variant plasmid (Arg819Ter) 
F: 5′- GCAATGACtGACTGAAGCTGCTGGTGCTGTAC -3′

R: 5′- CTTCAGTCaGTCATTGCCCTGGGCTTCGAAGA -3′

F: Forward sequence; R: Reverse sequence. 
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3. Results 

3.1. Case presentation 

This patient was a female infant less than 1 day old. She was her 
mother’s first child and was delivered vaginally at 35 + 1 weeks of 
pregnancy because of a fetal membrane rupture. Her birth weight was 
2050 g (z-score: 2.88). The Apgar scores at 1 and 5 min were 7 and 8, 
respectively. Her amniotic fluid volume was normal, and she had grade 
II pollution. She was admitted to another hospital because of a poor 
reaction and weak crying after premature birth. Later, the baby was 
transferred to the neonatal department of the Anhui Children’s Hospital 
because of severe diarrhea (10 days after birth, height 48 cm [z-score: 
0.61], weight 3380 g [z-score: 3.78], head circumference 36 cm [z- 
score: 1.75]) (Van den Broeck., 2009). During the course of the dis
ease, the stool was green-white or white loose, and there was no 
abnormal urination. Physical examination on admission showed weak 
crying, clear consciousness, general skin elasticity, floral changes, mild 
yellow staining, and no other evident abnormalities. 

Routine blood examination showed that the number of leukocytes 
and neutrophils had increased, and the hemolytic screening test of 
newborns showed ABO hemolysis. Analyses of biochemical indicators 
showed that the levels of total bile acid, total bilirubin, direct bilirubin, 
and indirect bilirubin were considerable increased and those of aspar
tate aminotransferase were slightly increased; these results and the re
sults of other auxiliary examinations are shown in Table 2. The chest and 
abdominal X-ray examination showed that the abdominal bowel was 
insufficiently inflated, and a part of the bowel was slightly inflated and 
expanded. Color Doppler ultrasonography of the liver, gallbladder, 
pancreas, spleen, and urinary system showed separation of the left 
kidney and renal pelvis, without biliary atresia. Color Doppler echo
cardiography showed an atrial/ventricular septal defect and pulmonary 
hypertension. Color Doppler ultrasound examination showed that the 
brain was immature with bilateral intraventricular hemorrhage and 
bilateral ventricular widening. Magnetic resonance chol
angiopancreatography (MRCP) showed that the gallbladder volume 
increased (Fig. 1a). 

3.2. Gene detection results showed a biallelic UNC-45A variant 

The results of trio-WES showed that, in this patient, the UNC-45A 
gene had compound heterozygous variants NM_018671: c.2455C>T(p. 
Arg819Ter) and c.710T>C(p.Leu237Pro), in which p.Arg819Ter was 
inherited from the father and p.Leu237Pro was inherited from the 
mother. No other genetic bilirubinemia or cholestasis gene variants were 
found. Searching the dbSNP, ExAC, and 1000 Genome databases sug
gested that p.Arg819Ter and p.Leu237Pro were not included. SIFT, 
Polyphen2, MutationTaster, and M-CAP software predicted that the p. 
Leu237Pro variant could affect gene products. No p.Arg819Ter variant 
was reported by searching the PubMed, ClinVar, and HGMD databases, 
indicating that we had identified a novel variant of UNC-45A. According 
to the ACMG guidelines, p.Arg819Ter was rated as possibly pathogenic 
(rating evidence: PVS1+PM2) and p.Leu237Pro was rated as uncertain 
(rating evidence: PM2+PM3+PP3). Sanger sequencing confirmed the 
presence of these two variants (Fig. 1b). 

3.3. Prediction of Leu237Pro crystal structure 

The UNC-45A protein belongs to the myosin coenzyme UNC45/ 
CRO1/She4p (UCS) protein family and is composed of a C-terminal UCS 
domain, a non-highly conserved central domain, neck domain, and N- 
terminal tetratripeptide repeat (TPR) (Gazda et al., 2013). Homology 
analysis showed that the Leu237 residue of the UNC-45A protein is 
highly conserved among different species. Leu237Pro may cause a swing 
in the main chain of Ile236-Gly238 and destroy the hydrogen bond in
teractions between the amide nitrogen atom of the Leu237 main chain 
and the carbonyl oxygen atom of the Thr233 main chain. Simulta
neously, Leu237Pro may also destroy the hydrophobic interaction be
tween Leu237 and the side chain of nearby amino acid residues, causing 
a swing in the side chain of Gln201, thereby reducing the local structural 
stability (Fig. 2). 

3.4. Mutation leads to the restricted expression of UNC-45A protein 

The results of the WB experiment showed that the expression levels 
of UNC45A-WT and UNC45A-Leu237Pro group were higher than those 
in the NC-plasmid group. The protein expression of the UNC45A- 
Leu237Pro and UNC45A-Arg819Ter groups were significantly 
different from that of the UNC45A-WT group (p < 0.001). Compared 
with UNC45A-WT, the protein expression of the UNC45A-Leu237Pro 
group decreased by 27.4% and no expression of UNC45A-Arg819Ter 
histone was found (Fig. 3a). 

Laser confocal microscopy showed that GFP was expressed in the 
cytoplasm of the samples from the UNC45A-WT group, while the 
expression of GFP was reduced in UNC45A-Leu237Pro, indicating that 
the expression of the mutant protein was reduced. No GFP expression 
was found in UNC45A-Arg819Ter (Fig. 3b). This is similar to the finding 
of the WB analysis, indicating that the two variants may lead to protein 
instability. 

3.5. Laser confocal microscopy results 

After fusing the C-terminus of the UNC-45A protein with a GFP label, 
the localization of UNC45A-WT and UNC45A-MUT in the cytoplasm was 
not affected by laser confocal microscopy. However, the expression of 
GFP in the UNC45A-Leu237Pro group decreased, and there was no 
expression of GFP in the UNC45A-Arg819Ter group, indicating that the 
variant may not affect the transport of the UNC-45A protein in cells 
(Fig. 3b). 

4. Discussion 

In the present study, we reported a neonate with OOHE. The baby 
had yellow skin since birth, and severe diarrhea symptoms were 

Table 2 
Laboratory data of the patient in this study.  

Test items Patient data Reference range 

Routine blood test 
white blood cell ( × 10^9/L) 21.58 5.60–14.50 
neutrophils ( × 10^9/L) 9.88 7.00–51。00 
lymphocyte ( × 10^9/L) 7.76 34.00–81.00 
red blood cell ( × 10^12/L) 5.03 3.50–5.60 
hematocrit (%) 55.4 29.0–57.0 
hemoglobin (g/L) 180 99–196 
platelet ( × 10^9/L) 443 203–653 
C-reactive protein (mg/L) 1.49 0–2.00 
Biochemical detection 
total bilirubin (μmol/L) 150.7 2.0–21.0 
direct bilirubin (μmol/L) 65.3 0–8.0 
indirect bilirubin (μmol/L) 85.4 2.0–18.0 
glutamyl transpeptidase (IU/L) 0 9–150 
total bile acid (μmol/L) 166 0–20 
total protein (g/L) 78.4 49.0–71.0 
albumin (g/L) 47.4 35.0–50.0 
globulin (g/L) 31.0 9.0–27.0 
ALT (U/L) 17.0 7.0–71.0 
AST (U/L) 168.0 21.0–80.0 
AST/ALT 9.88 1.90–2.20 
Blood electrolyte detection 
potassium ion (mmol/L) 8.20 4.10–5.60 
sodium ion (mmol/L) 123.00 135.00–145.00 
iron ion (mmol/L) 8.70 7.34–28.60 

ALT: alanine aminotransferase; AST: aspartate aminotransferase. 
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observed in the following days. According to biochemical indicators and 
imaging, the main symptoms were low birth weight, neonatal chole
stasis, neonatal diarrhea, congenital heart disease (CHD), and electro
lyte disorder. Through WES detection, we found that the patient’s UNC- 
45A gene had compound heterozygous variants, Arg819Ter and 
Leu237Pro. The relevant public databases do not include these two 
variants according to the distribution frequency of the normal popula
tion. To date, only two papers reporting on patients with OOHE cases 
have been identified worldwide. Esteve et al. identified four OOHE pa
tients from three families; these patients showed similar characteristics. 
Their symptoms mainly manifested as neonatal jaundice, cholestasis, 
diarrhea, as well as neurological hearing impairment in infancy. Other 
children may show mild mental and growth retardation. One of the two 
sisters showed symptoms of increased bone fragility. Loras et al. re
ported six OOHE patients. In addition to the common manifestations 
such as severe diarrhea, cholestasis, and abnormal bone fragility, this 
cohort developed other phenotypes such as cataracts, severe mental 
retardation, and abnormal behavior (Duclaux-Loras et al., 2022). 
Notably, our patient showed an atrial/ventricular septal defect, cardiac 
abnormalities of pulmonary hypertension, and brain structural abnor
malities of bilateral ventricular widening. These clinical phenotypes of 
cardiac and brain structural abnormalities have not been reported in 
previous patients. UNC-45A is widely expressed in heart and brain tis
sues. Although we do not know the pathogenic mechanism whereby this 
gene leads to abnormal heart/brain structure, we suggest that OOHE 
patients should be alert to possible abnormalities in the heart/brain 

systems, in addition to typical abnormalities of the digestive or hep
atobiliary system (Price et al., 2002). 

The human UNC-45A gene is located in chromosome 15q26.1. The 
encoded UNC-45 myosin chaperone A belongs to the conserved UCS 
family of myosin (co-) chaperones and is homologous with UNC-45B in 
vertebrates (Li et al., 2022). As a myosin-specific chaperone, the 
UNC-45A protein can promote the folding of the myosin adenosine 
triphosphate domain and form a chaperone with heat shock protein 90 
(Hsp90), resulting in human tumorigenesis (Eisa et al., 2019). However, 
the mechanism by which UNC-45A causes OOHE remains unclear. Ac
cording to a recent study, the reduction or loss of UNC-45A protein 
function can lead to the reduction of myoglobin VB protein expression 
encoded by MYO5B and affect the development of microvilli and the 
localization function of the RAB11A protein during the recycling of 
endosomes. These abnormal physiological processes are associated with 
MVID pathogenesis (Li et al., 2022; Dhekne et al., 2014; Golachowska 
et al., 2012). Loras et al. showed typical MVID characteristics, such as 
dullness or absence of microvilli, accumulation of secretory granules, 
and formation of microvilli inclusion bodies in epithelial cells in the 
duodenal tissues of three patients with OOHE under an electron mi
croscope (Duclaux-Loras et al., 2022). However, in previous zebrafish 
models with unc-45a and myo5b knockouts, the intestinal epithelium 
showed similar brush-like structure destruction (Anderson et al., 2008; 
Sidhaye et al., 2016). In addition, the restricted function of the 
myoglobin VB protein can lead to incorrect localization of intrahepatic 
bile acid transporters, leading to cholestasis symptoms (Gonzales et al., 

Fig. 1. The clinical information and gene detection results of the patient in this study. a. The magnetic resonance cholangiopancreatography of the baby showed that 
the gallbladder volume increased by approximately 56.00× 15.7 mm (shown by the white arrow), and the extrahepatic biliary system was poorly displayed. The 
intrahepatic bile duct showed a long T1T2 signal in tree shape, and the large vessels showed a flow void signal. b. The chest X-ray of the child showed that the 
markings of both lungs were fuzzy, with a strip-shaped fuzzy shadow. The peripherally inserted central catheter was inserted through the peripheral vein with the 
tube head at the T6 level. The abdominal shape was acceptable; the abdominal bowel was insufficiently inflated, a part of the bowel was slightly inflated and 
expanded, the intestinal space was thickened, and no calcification shadow was found in the abdomen. c. Gene detection results showed that the UNC-45A gene, in 
this patient, had compound heterozygous mutations, c.2455C>T and c.710T>C, of which the variation c.2455C>T was inherited from the father and the mutation 
c.710T>C was inherited from the mother. d. Sanger sequencing results confirmed the existence of these variants. 
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Fig. 2. Prediction and analysis results of the biolog
ical hazards of mutations in this study. a. Only two 
studies on OOHE patients have been reported 
worldwide, including 13 UNC-45A variants in 10 
patients. Leu237Pro was reported in this study; this 
was located in the central domain. Arg819Ter is a 
novel variant of UNC-45A that is located in the C- 
terminal UCS domain; it was not reported in the 
present study. b. The two mutations we found were 
highly conserved among different species. c. The 
structure of UNC-45A consists of a C-terminal UCS 
domain, non-highly conserved central domain, neck 
domain, and N-terminal tetratripeptide repeat. 
Leu237Pro may destroy the hydrogen bond interac
tion with the carbonyl oxygen atom in the main chain 
of Thr233. Simultaneously, the mutation may also 
destroy the hydrophobic interaction between Leu237 
and the side chain of nearby amino acid residues, 
resulting in the reduction of local structural stability.   

Fig. 3. Experimental results of the variation-related function. a. FLAG protein was fused with UNC-45A, and the expression of the UNC45A-Leu237Pro group was 
27.4% lower than that of the UNC45A-WT group. No protein expression was found in the UNC45A-Arg819Ter group. b. The C-terminal fusion GFP label of the UNC- 
45A protein was used to observe that the localization of the UNC45A-WT and UNC45A-MUT groups in the cytoplasm were not affected by laser confocal microscopy. 
However, the expression of GFP in the UNC45A-Leu237Pro group was decreased, and there was no expression of GFP in the UNC45A-Arg819Ter group, indicating 
that the two variants may lead to protein instability. 
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2017; Overeem et al., 2020). These studies suggest that UNC-45A defects 
may cause MVID-like phenotypes, such as intractable diarrhea and 
cholestasis, by affecting the function of the myoglobin VB protein. 
However, the mechanisms underlying the development of bone fragility, 
neurogenic hearing loss, and other variable phenotypes in OOHE pa
tients remain unclear. 

To date, ten OOHE patients (from eight unrelated families) have 
been reported worldwide. Thirteen UNC-45A variants are related to 
OOHE, including one hotspot variant, Leu237Pro. The Leu237Pro ho
mozygous variant of UNC-45A was found in three patients. Our patient 
also harbored this hotspot variant (Esteve et al., 2018; Duclaux-Loras 
et al., 2022). Leu237 is located in the central domain of the central 
armadillo repeat (ARM) sequence. The highly rigid central domain can 
be used as a molecular scaffold to adjust the orientation of the TPR and 
UCS domains flexibly, and the groove structure of the TPR domain plays 
an important role in identifying and binding chaperone proteins (Gazda 
et al., 2013; Scheufler et al., 2000). According to our constructed crystal 
structure analysis, the hydrogen bond between Leu237Pro and Thr233 
was broken after the occurrence of Leu237Pro; further, the hydrophobic 
interaction with surrounding amino acid residues was destroyed, which 
may lead to a reduction in the rigidity of the central domain and affect 
biological functions. Notably, OOHE missense variants in both bi-alleles 
of UNC-45A mainly occur in the central domain. However, UNC-45A can 
be distributed in other domains because of the compound heterozygous 
variant, which is composed of loss-of-function and missense variants 
(Esteve et al., 2018; Duclaux-Loras et al., 2022). This suggests that the 
occurrence and phenotypic diversity of OOHE may be related to insuf
ficient haploid doses or decreased protein function, but this requires 
further study. 

OOHE has no specific treatment and is only symptomatic. Congenital 
diarrhea is usually the first symptom of OOHE. Because the abnormal 
gastrointestinal manifestations of OOHE and MVID are similar and may 
involve the same pathway, some treatment MVID treatments may be 
relevant to OOHE (Duclaux-Loras et al., 2022; Li et al., 2022). Total 
parenteral nutrition (TPN) supplements electrolytes and nutrients in 
OOHE patients but does not inhibit the occurrence of diarrhea 
(Duclaux-Loras et al., 2022). Concurrently, it has been proven that most 
infant deaths in patients with MVID are related to TPN complications. 
The most common causes of death in patients with MVID are 
catheter-related sepsis and hepatotoxic effects caused by long-term use 
of soybean lipids (Halac et al., 2011; Girard et al., 2014); therefore, 
OOHE patients should be cautious about the potential risk of infection 
caused by long-term TPN application. In addition, there have been many 
reports on the diarrhea symptoms of MVID patients after drug inter
vention, including the reduction in stool frequency and fecal volume 
after subcutaneous injection of octreotide and administration of race
cadotril (Couper et al., 1989; Tran et al., 2017). However, owing to the 
small number of relevant patients who responded successfully to treat
ment, and the lack of long-term follow-up, the overall effective rate of 
drug intervention cannot be determined. Our patient was treated with 
an intravenous drip of nutrient solution (amino acids, 3 g/kg/d and fat 
emulsion, 2 g/kg/d) and maintenance of electrolyte stability (intrave
nous drip of sodium ions, 19 mmol/kg/d). 

5. Conclusions 

In conclusion, we conducted clinical research and genetic analysis of 
the first neonatal patient with OOHE in China. The patient presented 
with CDDs, cholestasis, CHD, brain structural abnormalities, and other 
symptoms shortly after birth. Gene detection showed that the UNC-45A 
gene of the patient had compound heterozygous variants. Our study 
expanded the phenotype and variant spectrum of OOHE. We compared 
the symptoms of diarrhea and cholestasis between OOHE and MVID and 
discussed the possibility that these conditions may share common 
pathological mechanisms. This suggests that OOHE should be consid
ered as a possible explanation for severe diarrhea and cholestasis in 

newborns. 
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