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Abstract. – BACKGROUND: Turner syndrome

Introduction

is the most common genetic disorder in females.
In most subjects, with a normal physical appearance at birth, the diagnosis is suspected long after birth because of short stature, delayed puberty, primary or secondary amenorrhea or infertility.
Abnormalities of liver function tests are reported
in literature, with a prevalence ranging from 20%
to 80%. In most subjects liver diseases are selflimiting, associated with obesity, hormonal therapy and autoimmune diseases. An association between Turner syndrome and cryptogenic liver disease has been reported.
Abnormalities of liver function tests could be
the unique sign of Turner syndrome in subjects
with normal phenotypes. The histological picture
of “fetal liver-like architecture” and “ductopenia”
is of fundamental importance for the diagnosis
of chromosomopathy.
AIM: Review the causes of hypertransaminasemia by focusing on more rare as metabolic
and genetic diseases.
MATERIALS AND METHODS: We evaluated a
10 year old girl with a normal phenotype affected
by chronic hypertransaminasemia and cholestasis, in whom a needle liver biopsy was performed after the most common causes of hypertransaminasemia were excluded.
RESULTS: Liver histological evaluation revealed a smoldering colangiopathy with mild
ductopenia and a fetal liver-like architecture.
Turner syndrome, suspected on the basis of this
histological picture, was confirmed by a pelvic
ultrasound and a chromosome analysis.
CONCLUSIONS: The histological features of “fetal liver-like architecture” and “ductopenia” represent an evocative sign that could indicate the diagnostic suspicion of Turner syndrome in a subject lacking in signs or symptoms of this disease.
It is important to perform a pelvic ultrasound and
an endocrinological evaluation in all females with
chronic asymptomatic hypertransaminasemia
even though they have normal phenotypes.

The widespread use of routine laboratori tests in
periodic health screenings, blood donors’ checkups and before surgery has recently resulted in an
increased incidental findings of hypertransaminasemia. The prevalence of increased aminotransferase levels differs depending on the population
studied, and among asymptomatic adults ranges
from 0.4% to 11.3%1-3.
Aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) are intracellular enzymes
that are expressed in different tissues, in the following decreasing order of activity: liver, heart, muscle,
kidneys, brain, pancreas, lungs, leukocytes and erythrocytes. Due to their great activity in the liver,
aminotransferases are sensitive indicators of livercell injury and hepatocellular disease1,4 or may reveal the presence of transient and benign diseases2.
In children, hypertransaminasemia can be the
first manifestation of non-hepatic diseases, such as
cystic fibrosis, celiac disease (9% of patients with
chronic unexplained hypertransaminasemia)5 and
muscular dystrophy. It can be the first manifestation of inborn errors of metabolism, or can be
bound to a non-pathological profile (i.e., MacroAST)6. Iorio et al2 demonstrated a high percentage
of genetic disorders (Wilson disease, muscular dystrophy, Alagille syndrome, α1-antitrypsin deficiency, Shwachman’ syndrome and hemochromatosis) in children with isolated hypertransaminasemia and without typical signs of the disease.
Guidelines have been developed to provide a rational approach to the interpretation of transaminase elevation both in symptomatic and asymptomatic subjects1,7.
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Case Report
A 10 year old female was admitted to our Pediatric Infectious Diseases Unit because of hypertransaminasemia discovered 3 years earlier.
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Her past medical history was unremarkable.
Her vaccination status was up to date. She had
never received blood transfusions. There was no
family history of liver diseases. Her family history was positive for maternal delayed menarche.
At a first evaluation, a physical examination
revealed a weight of 36 kg (75th percentile, according to Tanner-Whitehouse growth charts)
and a height of 130 cm (3rd percentile)8. Her target height (TH) was 158.7 cm (28th percentile)
(Figure 1).
She showed a normal female phenotype except
for a mild cubitus valgus (Figure 2).
Laboratory investigations included: haemoglobin of 14.2 g/dl (normal range 11.5-14.5); a
white blood cell count (WBC) of 8.6 × 103/mm3
(normal range 4.5-13.5); a normal WBC differential count; and a platelet count of 445 × 103/mm3
(normal range 250-550). Her clotting tests were
normal.
A liver function evaluation showed: serum
AST levels of 103 UI/l (normal range 7-45);
serum ALT levels of 236 UI/l (normal range 745); γ-glutamil transpeptidase (γ-GT) levels of
147 UI/l (normal range 2-25); alkaline phosphatase levels of 750 UI/l (normal value < 1000
UI/l); total bilirubin levels of 0.4 mg/dl (normal
range 0.3-1.2); and direct bilirubin levels of 0.1
mg/dl (normal range 0.1-0.3).

Appropriate laboratory investigations were
performed to rule out the most common causes
of hypertransaminasemia.
Serological studies for the hepatotropic virus
showed the presence of immunity to hepatitis B
(anti-surface and core antigen antibodies positive, core antibodies IgM negative; surface antigen and HBV-DNA negative). Hepatitis C antibodies and RNA, delta hepatitis antibodies, HIV
antibodies and hepatitis G virus RNA were all
negative.
Serum ammoniemia, pyruvic and lactic acid,
(α-fetoprotein), ceruloplasmin, copper, iron, ferritin, uroporphyrin, α1-antitrypsin, complement,
circulating immunocomplexes and autoantibody
levels (antigliadin IgG and IgA, anti-endomysium, anti-transglutaminase, anti-nuclear, antismooth muscle cell, anti-mitochondrial, anti-liver-kidney-microsome, perinuclear and circulating
anti-neutrophil cytoplasmic, anti-cardiolipin, anti-thyroglobulin and anti-extractable nuclear antigen) were all within the normal range. A sweat
test result for cystic fibrosis was negative. The
most common inborn errors of glucose and
aminoacid metabolism associated with hypertransaminasemia were excluded.
Our patient remained in good clinical condition, with a normal neurological and cognitive
development. Her statural growth remained be-

Figure 1. Height and velocity growth charts. (Ranke MB. Eur J Pediatr 1983;141: 81-88).
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Figure 2. Patient’s phenotype at 4 (A) and 14 (B-C) years of age.

tween the limits of genetic targets (Figure 1). Her
liver function tests were evaluated every six
months. Periodical ultrasound study of the liver
and the echo-Doppler of the portal vein never revealed structural anomalies or parenchymal focal
lesions nor abnormalities of the blood flow.
When she was 14 years old, because of persistent liver tests abnormality (AST 2-8×, ALT 2-8×,
γ-GT 3-8×), she underwent a needle liver biopsy.
Specimens were fixed in formalin and stained with
Hematoxylin-Eosin, PAS, PAS after diastase, Masson thrichrome, Perls and Cytokeratin 7.
The histological evaluation revealed a smoldering colangiopathy with moderate ductopenia, and a
fetal liver-like architecture (hepatocytes arranged
in a mosaic pattern with macrotrabecular or
pseudorosette arrangements). In particular, it revealed a paucity of small interlobular bile ducts in
the absence of histological changes, suggesting the
mechanisms causing ductopenia. Cholangiolitis
and mild inflammatory infiltrates were present in a
few portal spaces (Figures 3 and 4).
On the basis of this histological picture, with a
suspicion of Turner syndrome, a pelvic ultrasound was performed. It showed “streak gonads”
and a small, tubular-shaped uterus (volume 1.4
ml) with prepubertal morphology and a not recognizable endometrial echo.
Based on a 50 lymphocyte karyotype, the
chromosome analysis documented a mosaicism
[45,X0/46,X,i(Xq)] with a monosomic cell line
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in 80% of analyzed cells and an isochromosome
X in the other 20%, resulting from duplication of
the long arm and loss of the short arm. Her parents’ chromosome analyses were normal.
Associated congenital cardiac or renal anomalies and autoimmune disorders were excluded.
A hearing examination was normal.
The girl was referred to the pediatric endocrinologist, who confirmed primary amenorrhea
and short stature.
Her standing height was 146.3 cm, below the
target height (+ 1.6 SDS for Turner’s standards)
(Figure 1). The ratio of sitting to standing height
was increased (1.14). Her weight was 52.5 kg;
BMI 24.5.
At that time she had no pubertal signs but normal pubarche (Stage P3, according to Tanner and
Marshall)9.
Measurement of serum gonadotropin and estrogen levels confirmed the ovarian hypergonadotropic dysfunction (basal FSH levels of 141
MUI/ml, basal LH levels of 34.3 MUI/ml).
Thyroid function was normal and thyroid autoimmunity was negative. An oral glucose tolerance test (OGTT) showed normal glucose tolerance as well as normal fasting and stimulated insulin plasma levels.
After discussing growth hormone therapy with
the parents and patient, including its efficacy and
side effects, since her epiphysis were not still
completely fused, the girl started on recombinant
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A

developed secondary sexual characteristics and
attained a final height of nearly 155 cm (in the
range of TH). She stopped rhGH at the age of 16
and a half when her growth rate fell below 1.8
cm/year (Figure 1).
During treatment, carbohydrate tolerance and
fasting insulin levels were normal.

Discussion

B

Turner syndrome is the most common genetic
disorder in females; it occurs in approximately
one in 2500 female live births10-12. It is associated
with a cell line with only a single normal X chromosome; the other sex chromosome is either
missing or structurally abnormal13.
The phenotypic expression can be extremely
varied. Almost 15% of patients present a typical
phenotype from birth. Most subjects, in particu-

A

Figure 3. A, Parenchyma with hepatocytes arranged in a
mosaic pattern with macrotrabecular disposition. This pattern is suggestive of fetal architecture (Hematoxylin-Eosin;
magnification 20 ×). B, Normal liver histology with two
portal spaces containing both artery and vein but lacking in
bile duct (Hematoxylin-Eosin; magnification 10 ×).

human growth hormone (rhGH) treatment at a
daily dose of 50 µg/kg, to promote residual statural growth.
Her height velocity significantly improved in
the absence of side effects: growth velocity
reached 12 cm/year after 6 months and 5.4
cm/year after the first year of therapy (Figure 1).
Moreover, ursodeoxycholic acid therapy was
started (15 mg/kg/die).
Aminotransferase and γ-GT levels normalized
in a year of therapy (AST 34 UI/l, ALT 43 UI/l,
γ-GT 43 UI/l).
Estrogens therapy was deferred until the age
of 16 with the aim of achieving the maximal
height gain with rhGH. Low dose transdermal
estradiol was preferred since with this approach
the natural estradiol reaches the systemic circulation directly without first undergoing metabolism
by the intestine and liver. The patient gradually

B

Figure 4. A, Three minor portal spaces lacking in interlobular bile ducts, ductopenia. B, Major portal spaces with no
alteration of number or structure of bile ducts. (Cytocheratin
7; magnification 10 ×).
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lar those with mosaicism or anomalies of an Xchromosome, have a normal physical appearance. In these cases the diagnosis is suspected
long after birth because of short stature, delayed
puberty, primary or secondary amenorrhea in
adolescence or infertility in adulthood10.
The standard care for children with Turner syndrome includes rhGH and estrogen therapy.
Associated endocrine, renal and cardiovascular
anomalies are common. The prevalence of cardiovascular abnormalities (bicuspid aortic valve and
coarctation of the aorta) varies between 20% and
40%; it is higher in patients with monosomy X13.
Abnormalities of liver function tests in patients
with Turner syndrome are reported in literature,
even in the absence of the signs and symptoms of
liver disease. The prevalence of these abnormalities
ranges from 23% to 28% in young patients14,15 and
reaches 80% in middle-aged women16,17.
In most cases, liver disease is self-limiting, associated with obesity18, even in pediatric age19,20,
or hormonal therapy, more often in patients treated with estrogens than in those treated with
rhGH. Hepatic function normalizes with loss of
weight or after the interruption of treatment.
Several studies have demonstrated the absence
of a correlation between hepatic abnormalities
and estrogen therapy15, but an improvement in
liver function in Turner patients during estrogen
replacement therapy, may be due to a protective
hormonal effect on hepatocyte integrity17,19,21.
In some cases, the liver involvement is related
to autoimmune diseases, such as celiac disease,
primary biliary cirrhosis (PBC), primary sclerosing cholangitis and autoimmune hepatitis14,19,20.
Moreover, an association between Turner syndrome and “cryptogenic hepatopathy”, often associated with cholestasis, has been reported in
literature12,22, with a varied prognosis ranging
from mild liver tests abnormalities with benign
and self-limiting course14,15, not associated with
histopathological progression 11 , to chronic
asymptomatic cholestasis 23,24 up to a possible
evolution to cirrhosis25.
The liver histological pictures described in
Turner syndrome include minimal abnormalities24, steatosis and steatohepatitis11,14, biliary involvement as primary sclerosing cholangitis23,26,
cirrhosis25, nodular regenerative hyperplasia and
portal hypertension27,28.
In a recent study, including the most numerous
series of liver biopsies in Turner patients, Roulot
et al18 described hepatic histological features of
liver involvement in this syndrome; they ascribed
1136

the main causes of liver involvement to congenital vascular disorders, biliary lesions and nonalcoholic fatty liver disease linked to metabolic
disease. In 27 liver specimens the features described were: architectural changes associated
with vascular abnormalities; portal and periductal
fibrosis; inflammatory infiltrates; nonalcoholic
fatty liver disease; small duct sclerosing cholangitis; and ductopenia, defined as the absence of
bile ductules in more than 50% of the portal
spaces. They did not find signs of liver toxicity
caused by estrogen therapy.
Our patient showed ductopenia and a fetal
liver-like architecture at the liver biopsy. She
had a history of prior hepatitis B. However, the
patient presented signs of seroconversion, negative HBV-DNA and lack of histological signs of
chronic hepatitis, such as portal inflammation associated with interface hepatitis, and variable degrees of lobular changes 29.
Paucity of interlobular bile ducts, or ductopenia,
defined as a reduced ratio of the number of interlobular ducts to the number of portal tracts, may
be “syndromic”, when associated with other
anomalies, or “non syndromic”, when associated
with infections (cytomegalovirus, rubella, hepatitis
B, syphilis), α1-antitrypsin deficiency, endocrine
disorders (hypopituitarism), chromosomal anomalies (Trisomy 21, Turner syndrome), altered bile
acid metabolism and mucoviscidosis30.
Congenital diseases of intrahepatic bile ducts
are related to a persistant or lack of remodeling
of the embryonic ductal plate. This abnormality
has been termed “ductal plate malformation”30.
Ulissi and Ricci31 in 1989 and Garavelli et al27
in 1998 described the particular picture of ductopenia and fetal liver-like architecture in two
adult patients who underwent a liver biopsy because of a hypertransaminasemia, in one case associated with portal hypertension.
The Authors hypothesized that this kind of architecture was due to an arrested liver development, possibly due to lack of stimulation by sex
hormones17.
In 1974, Gardner 26 described two pediatric
cases of cholestasis associated with ductopenia
and bile plugs in the canaliculi at the liver biopsy.
He hypothesized that hepatic disorder could be
the expression of a mutant allele located on the
homologous pairing segment of the X-chromosome. Turner syndrome represents the only clinical state in which the patient could be monosomic for the mutant allele. This hypothesis has been
revaluated, based on the evidence that conditions
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associated with X chromosome monosomy or
structural abnormalities, such as Turner syndrome, are often associated with autoimmune
disorders and chronic cholestasis32.
Selmi C et al32, studying the etiopathogenetic
factors of primary biliary cirrhosis (PBC) and its
frequent association with females, suggested that
the enhanced monosomy X in lymphocytes could
play a role in the induction of PBC, through alteration of the immune response.
Some similarities between Turner syndrome
and PBC have been revealed: chronic cholestasis
with an incidence increasing with age, association with autoimmune thyroiditis, osteopenia and
celiac disease33.
Invernizzi et al34 reported an enhanced monosomy X in the peripheral blood cells of the adaptive immune system of women with PBC, compared to healthy controls and women with chronic hepatitis C. They hypothesized that loss of
genes involved in immunological tolerance and
located on the X chromosome could predispose
the development of autoimmune diseases.
Because of the recent availability of noninvasive diagnostic tests that allow the establishment
of a correct diagnosis, the role of histology in the
management of patients with chronic aspecific
liver tests abnormalities is controversial and the
decision to perform a percutaneous liver biopsy
needs to be made on an individual basis1,35.
Sorbi et al35 studied 36 asymptomatic patients
with chronic hypertransaminasemia and without
strong evidence of a particular liver disease who underwent a liver biopsy. The histological picture led
to a change in the diagnosis in only 14% of cases.
In our patient, the familiar history of maternal
delayed menarche and a growth consistent with
parental background for height were compatible
with the hypothesis of a “constitutional delay of
growth and puberty”. However, the peculiar histological features of “fetal liver-like architecture”
and “ductopenia” were of basic importance in
addressing the diagnostic suspicion of chromosomopathy in a subject with a normal phenotype.

Conclusions
Other cases reported in literature usually concern adult patients in whom the diagnosis of
Turner syndrome precedes that of liver involvement. These studies evaluate the incidence, etiology and outcome of liver disease associated with
this chromosomopathy.

On the contrary, in our patient the diagnostic
process performed because of the chronic hypertransaminasemia and asymptomatic cholestasis
led to the diagnosis of Turner syndrome in a subject until that moment lacking in signs or symptoms characteristic of this disease.
The diagnosis of Turner syndrome before
complete conjugation cartilage ossification allowed the starting of rhGH therapy and the obtaining of a significant increase in growth velocity. Moreover, the prompt treatment with ursodeoxycholic acid has been associated with a
significant improvement of liver tests, as previously reported in Turner patients22,23.
We would underline that the association between Turner syndrome and liver abnormalities
could have extremely different expressions, from
mild and asymptomatic disease to progression to
cirrhosis.
We suggest performing a pelvic ultrasound associated with an endocrinological evaluation in
all females with chronic asymptomatic hypertransaminasemia of unknown origin, even with
normal phenotypes.
A standard karyotype is to be recommended in
the evaluation of all short prepubertal females, to
achieve an early diagnosis and to commence
rhGH treatment before the age of 6 years.
Surveillance of liver function should be included in the management of Turner patients,
both before and after the start of hormonal treatment, to identify the possible progression of liver
disease to cirrhosis.
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