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Abstract

Gilbert’s syndrome is a common inherited metabolic disorder, caused by genetic aberration 
in the enzyme UDP-glucuronosyl-transferase 1A1 that leads to reduced glucuronidation of 
bilirubin. Recent advances in molecular genetics have frequently reported the concurrence 
of dual genetic polymorphisms in UDP glucuronosyl-transferases 1A6 and 1A1 in patients 
with Gilbert’s syndrome, leading to defective glucuronidation of bilirubin, as well as several 
other endogenous and exogenous substrates, such as serotonin. We present a case of Gilbert’s 
syndrome with severe persistent hyperserotoninaemia, mimicking carcinoid syndrome, due to 
dual polymorphisms in UDP-glucuronosyl-transferases 1A1 and 1A6. The patient was treated 
with a long-acting somatostatin analogue (octreotide) for 8 months, resulting in a significant 
reduction in serum serotonin levels and immediate relief of the symptomatology, followed by a 
long-term remission. The frequent occurrence of hyperserotoninaemia in Gilbert’s syndrome 
may contribute, at least partly, to the nonspecific symptomatology commonly seen in these 
patients and should be promptly evaluated.
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Introduction

Gilbert’s syndrome is a common inherited meta-
bolic disorder affecting 9% of the general population.1 
It is associated with decreased activity of the enzyme 

uridine diphosphate (UDP) glucuronosyl-transferase 
1A1, which is located on the endoplasmic reticulum 
of hepatocytes, leading to deficient glucuronidation 
of bilirubin and therefore mild hyperbilirubinaemia.2

The disease is usually benign and is diagnosed 
when mild, predominantly, unconjugated hyperbili-
rubinaemia and jaundice occur under certain physi-
ological or pathological conditions such as fasting, 
physical or surgical stress, febrile illness and menses 
or pregnancy, in the absence of liver deficiency or 
haemolytic diseases.3,4 Symptomatic patients present 



Table 1. Laboratory results performed 3 years after the first re-
ported episode 

Parameter Value Reference range

Serum

Sodium 140 mmol/L 134-146 mmol/L

Potassium 3.8 mmol/L 3.4-4.4 mmol/L

Creatinine 86 umol/L 69-113 umol/L

Albumin 43 g/L 37-48 g/L

Bilirubin 28 umol/L 4-21 umol/L

CRP <5mg/L <10 mg/L

TSH 2.55 μIU/ml 0.35-5.5 μIU/ml

FT4 1.27 ng/dl 0.9-1.8 ng/dl

FT3 2.99 pg/ml 2.3-4.2 pg/ml

E2 (follicular phase) 412 pg/ml 150-500 pg/ml

FSH (follicular phase) 4.45 IU/l 2.5-10.2 IU/l

LH (follicular phase) 5.95 IU/l 1.9-12.5 IU/l

Calcitonin 2.27 pg/ml <17 pg/ml

Serotonin 1200 nmol/l 500-900 nmol/l

Plasma

Haemoglobin 125 g/L 115-151 g/L

Noradrenaline 385 pg/ml 100-550 pg/ml

Chromogranin A 6 nmol/l <4 nmol/l

24h Urine

Metanephrines 335 μg/24h 100-800 μg/24h

Normetanephrines 253 μg/24h 88-444 μg/24h

Serotonin mg/24h 19 mg/24h <2.5 mg/24h

5-HIAA mg/24h 10 mg/24h 0-6 mg/24h
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with nonspecific complaints, such as gastrointestinal 
discomfort, fatigue, malaise and vasomotor or psychi-
atric manifestations, which can resolve spontaneously 
and are, paradoxically, not related to high bilirubin 
levels.5,6

At the molecular level, recently emerging data have 
established the increased frequency of dual genetic 
polymorphisms in UDP glucuronosyl-transferases 
1A1 and 1A6 in approximately 87% of patients with 
Gilbert’s syndrome, leading to defective glucuronida-
tion not only of bilirubin but of several other endog-
enous and exogenous substrates, such as serotonin, 
coumarin and dopamine derivatives.7,8

Increased serotonin levels have been reported 
in patients with Gilbert’s syndrome, suggesting a 
possible explanation for the nonspecific symptoms 
described in these patients that are commonly at-
tributed to anxiety.9,10

We present a case of Gilbert’s syndrome and severe 
persistent hyperserotoninaemia, mimicking carcinoid 
syndrome, originally treated with the somatostatin 
analogue octreotide and finally attributed to dual 
polymorphism in UDP-glucuronosyl-transferases 
1A1 and 1A6.

Case presentation

A 38-year old white female was referred to the 
Endocrinology Division complaining of recurrent 
episodes of gastrointestinal discomfort, including 
diarrhea and floating, palpitations and night sweats 
over the last 3 years. The duration and the severity 
of the episodes were aggravated during the last year. 
The first episode was reported a few months after 
pregnancy and lactation. At that time the patient 
was admitted to the hospital for tachycardia (150-170 
b.p.m), abdominal pain, diarrhea, myoclonus, tremor 
and increased night sweats.

Clinical examination had revealed diffuse ab-
dominal sensitivity with sinus rhythm in ECG and 
increased blood pressure (180/110 mmHg) without 
postural variation. Propanolol was successfully used 
to control the symptoms. According to her medical 
record, Gilbert’s syndrome had been diagnosed in 
adolescence based on mild hyperbilirubinemia and 
jaundice during fasting. No genetic analysis was per-

formed at that time to confirm the diagnosis.

Biochemical and hormonal evaluation excluded 
any common endocrine or metabolic disorder as 
the underlying cause of her symptoms. Increased 
serum levels of serotonin and slightly elevated urine 
5 indolohydroxylacetic acid (5HIAA) were revealed 
in repeated blood testing during episodes (Table 1).

Imaging studies

The patient was extensively examined via com-
puted tomography (CT) of the chest, mediastinum, 
abdomen and pelvis, octreoscan and endo-arterial 
angiography all of which failed to detect a carcinoid 
tumor. Due to persistence of the gastrointestinal 
symptoms related to increased levels of serotonin, 
we also performed a positron emission tomography 
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UGT1A6 have previously been reported to occur with 
high frequency in patients with Gilbert’s syndrome.7-9

The superfamily of UDP-glucuronosyl-transferases 
consists of membrane-bound enzymes, located on the 
endoplasmic reticulum, that catalyze glucuronidation 
of various endogenous and exogenous compounds.13,14 
The contribution of UGT1A1 to the metabolic path-
way of bilirubin and its association with Gilbert’s 
syndrome is well documented but the exact role of the 
enzyme UGT1A6 has only recently been elucidated.

Peripheral serotonin is produced by the entero-
cromaffin cells in the gastrointestinal system by its 
precursor amino-acid tryptophan.15 Approximately 
30% of circulating serotonin is excreted by the urine 
after glucuronidation, while the rest is oxidized by the 
enzyme monoamino oxidase (MAO) and aldehyde 
dehydrogenase in kidney and liver and excreted as 
5-hydroxy-indoleacetaldehyde (5IHHA).16 UGT-1A6 
isoform is exclusively responsible for the glucuronida-
tion of serotonin.13 Three major missence mutations 
have been identified in the UGT1A6 gene: S7A 
(19tg), T181A (541ag) and R184S (552ac). 
The UGT1A6*2 allele (T181A and R184S), which 
is present in our case, represents more than 30% of 
identified alleles13,17-19 and leads to a 30-50% reduced 
enzyme activity compared with the wild-type allele.11 

However, the presence of the UGT1A6*2 allele may 
not be enough to explain clinically apparent hyper-
serotoninaemia.

with 5-hydroxy-L-tryptophan (5 HTP-PET) which 
also revealed no signs of a neuroendocrine tumor.

Therapeutic approach

The patient received an anti-serotoninergic agent, 
sertraline (Zoloft), for 10 days in order to lower sero-
tonin levels, as has been previously described,12 with-
out any significant improvement. Administration of 
octreotide (Sandostatin LAR) 20 mg/IM monthly for 
8 consecutive months resulted in significant decrease 
of serum serotonin levels, followed by an immediate 
improvement in the patient’s clinical condition. Oc-
treotide therapy was discontinued when the results 
of the genetic analysis became available.

Genetic analyses

The genetic study included UGT1A1 genotyping 
(Klatovy Biolabs, Czech Republic) and investigation 
of polymorphisms of exon 1 of the UGT1A6 gene 
with restriction fragment polymorphism analysis 
(RFLP) after polymerase chain reaction, as previ-
ously described.7

The sample was found to be homozygous for the 
mutation 7/7TA of the UGT1A1 gene in the TATA 
box of the promoter (UGT1A1*28 genotype). This 
polymorphism is characterized by the presence of 
an additional TA repeat in the TATA sequence of 
the UGT1A1 promoter, i.e. (TA) 7TAA, instead of 
(TA) 6TAA which results in reduced expression of 
the enzyme, diagnostic of Gilbert’s syndrome.

In addition, the sample was found to be heterozy-
gous for the missence substitutions T181A and R184S 
in the UGT1A6 gene (UGT1A6*2 genotype). These 
variant alleles for UGT1A6 are mostly (>98%) in 
complete linkage disequilibrium (Figure 1).

Follow-up

Subsequent to two years of follow-up after the 
last administration of octreotide, the patient remains 
asymptomatic with serotonin levels within normal 
range (Figure 2).

Discussion

Dual polymorphisms in the enzymes UGT1A1 and 

Figure 1. Fragment analysis patterns of PCR products for de-
tection of genetic polymorphisms in UGT1A6. Electropho-
resis patterns of PCR fragments after digesting with NsiI for 
the UGT1A6 T181A polymorphism and after digesting with 
Fnu4HI for the UGT1A6 R184S polymorphism. Heterozygos-
ity for the variant alleles of the patient is shown (duplicates of a 
homozygous normal control sample are also included for com-
parison).
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UGTs usually form homo- and hetero-oligomers. 
The heterodimerization of UGT1A1 or UGT1A4 with 
UGT1A6 increases the Vmax value of serotonin O-
glucuronide formation.20 Therefore, co-existence of 
the two mutated alleles UGT1A1*28 and UGT1A6*2 
in a heterodimer form could further affect enzyme 
kinetic parameters of the latter, lowering the Vmax/
km of serotonin-O-glucuronidation.

A recent study by Lee et al10 also presented a 
patient with Gilbert’s syndrome and hyperserotoni-
naemia with dual polymorphisms in the UGT-1A1 and 
UGT1A6 genes, suggesting a possible link between 
the molecular genetics and the clinical presentation 
of this patient. Our case lends further support to 
this notion, although molecular studies are needed 
in order to clarify this issue. However, in the above 
mentioned case, the patient’s symptomatology sub-
sided spontaneously after a period of 12 months, 
consistent with a decline in serum serotonin levels. 
In our patient, symptomatology persisted for a longer 
period of time, severely affecting the quality of her 
life, while anti-serotoninergic agents did not relieve 
her symptoms.

Somatostatin analogues have been efficiently 
used in the treatment of neuroendocrine tumors that 
express somatostatin receptors. Administration of 

octreotide in our patient significantly improved her 
clinical condition and increased the duration of the 
symptom-free period, associated with reduced serum 
serotonin levels.

Our study suggests that in patients with Gilbert’s 
syndrome and hyperserotoninaemia with non-apparent 
neuroendocrine tumor, a genetic analysis should be 
performed, while in cases of persistent hyperseroto-
ninaemia-induced symptomatology treatment with 
a somatostatin analogue could be considered as an 
off-label alternative therapeutic approach.
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