CASE REPORT

Hereditary Spherocytosis Associated with Gilbert Syndrome
Diagnosed with Liver Biopsy Examination and Exome Sequencing
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ABSTRACT

Depending on which part of the physiological pathway is affected by the pathology, jaundice is classified into three
categories: pre-hepatic/hemolytic, hepatic/hepatocellular, and post-hepatic/cholestatic. With routine laboratory tests, most
cases of jaundice can be etiologically diagnosed. However, exceptions do occur. Here, we present a case of a 14-year girl
who presented with intermittent jaundice for one year that could not be diagnosed with a routine protocol. Her laboratory
tests showed a moderate impairment of liver function and a positive osmotic fragility test. Computed tomography scan of
her upper abdomen revealed multiple gallbladder stones and splenomegaly. With the help of liver pathological examination
and exome sequencing, this patient was finally diagnosed as hereditary spherocytosis combined with Gilbert syndrome.
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INTRODUCTION

Jaundice is a symptom associated with different kinds of
diseases. Among them, Gilbert syndrome (GS) is a
benign autosomal dominant hereditary disorder
characterised by intermittent unconjugated hyper-
bilirubinemia in the absence of liver disease.! Likewise,
hereditary spherocytosis (HS) is a genetic disorder of
red blood cell membrane, clinically characterised by
anemia, jaundice and splenomegaly.2 The calculated
rate of coexistence of GS and HS is 15 to 35/million
births.3 Herein, we present a case with jaundice of
unknown cause and finally diagnosed as HS combined
with GS by the laboratory test results, imaging findings,
and the results of liver pathological examination and
exome sequencing.

CASE REPORT

A 14-year girl presented to our hospital with complain of
intermittent yellow sclera, yellow skin and yellow urine
accompanied with skin itching and poor appetite for the
last one year. She was intermittently treated in a local
hospital without significant improvement, and the
symptoms aggravated. No special past medical history
was noted. After a careful interview with her father, this
disease was found to be running in the family of the
patient's father. As shown in the pedigree chart of the
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family (Figure 1A), besides this patient, her father,
grandfather, and possibly her great-grandfather were all
affected by this disease that presented with jaundice and
hyperbilirubinemia, as explained by the father. Besides
yellow skin, yellow sclera and an enlarged spleen, no
other abnormal signs were revealed during the physical
examination. Liver function panel from the local hospital
four days before admission showed alanine transaminase
(ALT)/ aspartate transaminase (AST) levels as 488/276
U/L and total bilirubin (TB)/direct bilirubin (DB) levels as
278/54.4 uymol/L. Complete blood count (CBC) showed
an elevated white blood cell count of 11.53x10"9/L and
a normal hemoglobin (Hb) level. B-ultrasound of upper
abdomen revealed gallbladder stone, cholecystitis, and
splenomegaly. Upon admission into our hospital, liver
function panel showed a moderate impairment of liver
function as indicated by TB/DB level of 96.4/8.3 pmol/L
and almost normal levels of ALT/AST. CBC showed mild
anemia with Hb of 103 g/L, a slightly decreased mean
corpuscular volume (MCV) of 81.6 fL and normal mean
corpuscular hemoglobin concentration (MCHC) (352 g/L).
Hepatitis A, B, C and E viruses were all negative. Other
hepatotropic viral infections like cytomegaloviral and
Epstein-barr viral infection were not evaluated. The
antibody panel of autoimmune hepatitis was negative.
Thyroid function tests showed an increased serum level
of thyroid-stimulating hormone (sTSH) of 5.35 ulU/mL
(reference range: 0.27-4.2 plU/mL) and normal levels of
free tri-iodothyronine (FT3) and free thyroxine (FT4).
Blood ceruloplasmin level was slightly decreased (184
mg/L, reference range: 220-580 mg/L). Procalcitonin
level was normal. Prothrombin time was 13.9 seconds.
Unfortunately, peripheral blood smear and reticulocyte
count was not tested. Since indirect bilirubin was much
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Figure 1: Diagnosis of hereditary spherocytosis together with Gilbert
syndrome with genetic, clinical, pathological and exome sequencing data in
a teenage girl. (A) The pedigree chart of the disease in the patient's family.
(B) CT scan of the upper abdomen of the patient. Red arrows point to the
gallbladder stones. (C) Pathology of the liver biopsy sample of the patient.
The black arrow in the upper picture indicates the mononuclear cells
infiltrating in the sample, and those in the lower picture indicate hepatocytic
lipofuscin deposition around the central vein. (D) Exome sequencing plus
next generation sequencing of the peripheral blood sample of both, patient
and her father, for liver disease-related genes revealed c.3841C>T mutation
in the gene of spectrin f.

more elevated than DB, a panel of hemolysis tests was
carried out to determine whether an increased red blood
cell (RBC) damage contributed to the jaundice in this
patient. This panel of tests included Coomb's test, Ham
test, osmotic fragility test and methemoglobin reducing
test. Only the osmotic fragility test showed a positive
result with a value of 0.52% at the beginning of hemolysis
(reference range: 0.42-0.46) and 0.40% at the end of
hemolysis (reference range: 0.32-0.36). Computed tomo-
graphy (CT) scan of upper abdomen revealed multiple
gallbladder stones and splenomegaly (Figure 1B). To
manage this patient's condition, liver protective medi-
cations including magnesium isoglycyrrhizinate, polyene
phosphatidyl choline, tanshinone, and ornithine aspartate
were started after admission. Her blood TB level
significantly decreased after one week's treatment.
To find out the etiology of her disease, we performed
B-ultrasound-guided percutaneous liver biopsy. The patho-
logical examination of liver biopsy sample revealed
hepatocellular lipofuscin deposition around the central
vein and hepatocellular edema with very few mono-
nuclear inflammatory cells infiltration suggesting GS
(Figure 1C). The pathologist also suggested that
genome sequencing be performed to confirm the
diagnosis. Thus, exome sequencing plus next generation
sequencing (lllumina) of the peripheral blood sample of
both the patient and her father, was conducted for liver
disease-related genes, which have been reported in the
literature. The total cost of the exome sequencing for
both, patient and her father, was RMB 4500, which is
high for most Chinese families. The exome sequencing
was performed with the sequence capture human

exome microarrays from Agilent Biotechnology Company.
The coverage rate and average depth of the target area
was 99.3% and 543, respectively. 98.9% of the average
depth of the target area was more than 20X. Out of the
170 genes sequenced, a heterozygous mutation in the
gene of spectrin B (SPTB) on chromosome 14923 was
found with ¢.3841C>T mutation, resulting in glutamine
being mutated into a stop codon in both, patient and her
father (Figure 1D). ¢.3841C>T mutation has not been
reported so far in HGMDpro database. According to
American College of Medical Genetics and Genomics
(ACMG) gene mutation guidelines, this mutation was
classified as a stop mutation (PVS1), no population
carrier (PM2), and being likely pathogenic. SPTB
mutation leads to cytoskeletal instability and reported to
be associated with HS, mostly as autosomal dominant
disorder that is caused by RBC membrane defect. So,
this patient was finally diagnosed with HS combined with
GS, and was discharged from the hospital 11 days after
admission.

DISCUSSION

GS is a common autosomal dominant disorder charac-
terised by intermittent hyperbilirubinemia in the absence
of liver disease or hemolysis, mostly as a result of mildly
decreased activity of uridine diphosphate-glucuronyl
transferase 1A1(UGT1A1). UGT1A1*28, the variant that
most commonly causes GS in Caucasian and African-
American populations, contains seven thymine-adenine
(TA) repeats in the promoter region of UGT1A1 gene
rather than the typical six, causing impairment of
transcription.4 Although UGT1A1 mutation was not
found in the sequencing result of our patient, GS still
cannot be excluded as GT1AT1 mutation is not
absolutely necessary for the diagnosis of GS, especially
considering her medical history, liver pathology result,
and hyperbilirubinemia that was out of proportion to the
degree of hemolysis.!4

As the most common cause of HS, SPTB defect compro-
mises the ability of erythrocytes to change shape, thus
interfering with the cell's ability to be flexibly travelling
from the arteries to the smaller capillaries.® This
difference in shape makes the RBCs more prone to
rupture resulting in inherited hemolytic anemia.6 This
disorder is clinically characterised by fatigue, anemia,
jaundice, and splenomegaly with variable severity from
symptom-free carrier to severe hemolysis due to
incomplete penetrance in its expression.” Common
complications include cholelithiasis, hemolytic episodes,
and aplastic crises.8 Given the family history, symptoms,
signs, laboratory tests, and imaging results of this
patient, it is reasonable to believe that the ¢.3841C>T
mutation of SPTB is very likely the etiology of the
disease in our patient and her family. Over the follow-up
call to her father after her discharge, he said that after
discharge from our hospital, she was treated in the local
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hospital for a couple of episodes of recurring jaundice,
which is consistent with the clinical characteristics of HS.
Itis reported that HS may occur in a patient together with
GS; and under this circumstance, patients can have
jaundice without anemia. In other words, patients can
have severe hyperbilirubinemia but little evidence of
hemolysis and the resultant anemia, which is consistent
with what was found in our patient.

Of critical importance for the diagnosis of GS, individuals
should demonstrate elevated bilirubin concentrations
two times over a period of six months and should
have normal serum transaminases and normal markers
of biliary damage/obstruction (gamma-glutamyl trans-
peptidase and alkaline phosphatase).!” GS is a benign
disease and no specific management is necessary; but
when it is combined with other risk factors for impairment
of liver function, situation may become complicated,
which is just what was presented in this case. The liver
function panel of this patient from the local hospital four
days before admission showed significantly elevated
levels of ALT/AST and TB/indirect bilirubin, which is
unusual for GS. We speculate that this probably was due
to biliary tract infection. In support of this, cholecystitis
and elevated white blood cell count (11.53x10°) was
reported from the local hospital. This speculation was
further confirmed by the improved laboratory test results
from our hospital after admission with normalisation of
CBC accompanied with recovery of liver function.

The massively parallel sequencing technology, known as
next-generation sequencing (NGS) has revolutionised
biology and medicine. With its ultra-high throughput,
scalability, and speed, NGS enables researchers to
perform a wide variety of applications and study
biological systems at a level never possible before. We
believe that with the help of liver pathology examination,
NGS and other methods in the diagnosis of the diseases
which cannot be diagnosed with traditional methods, a
brand-new pattern for the diagnosis and management of
difficult liver diseases in the clinic is on the horizon.
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