
Hepatosplenomegaly in children is an uncommon

clinical problem with a wide range of differential

diagnoses. Inherited metabolic disorders account

for a vast majority: glycogen and lysosomal stor-

age diseases, disorders of galactose and fructose

metabolism, tyrosinaemia, defects of fatty acid

oxidation, and urea cycle disorders. Another rea-

son for hepatosplenomegaly is lysinuric protein

intolerance (LPI, OMIM 222700).

LPI is a rare autosomal recessive disease char-

acterized by defective transport of dibasic amino

acids (lysine, arginine and ornithine) at the

basolateral membrane of intestinal epithelial cells

and reabsorption in the tubular cells of the kidney

(Desjeux et al. 1980; Rajantie et al. 1980, 1981).

LPI was first described in Finnish patients in 1965

(Perheentupa and Visakorpi 1965). It is reported

that the highest prevalence of LPI is in Finland,

where it has been estimated to occur in 1:78000

newborns (Norio et al. 1971). The disease has

been reported also in Southern Italy (Incerti et al.

1993) and in Japan (Kato et al. 1984). Most

patients in other countries were isolated cases.

Linkage analysis in 20 Finnish LPI families as-

signed the LPI gene to chromosome 14

(14q11-13) (Lauteala et al. 1997). In the Finnish

population all patients carry the same homozygous

founder mutation (IVS6-2A>T). Worldwide more

than 30 SLCA7 mutations have been described as

causing LPI (Borsani et al. 1999; Sperandeo et al.

2000, 2005; Palacin et al. 2001; Shoji et al. 2002).

The SLC7A7 gene encodes the light chain of the

cationic amino acid transporter y+ (Borsani et al.

1999; Torrents et al. 1999; Puomila et al. 2006).

The dysfunction of the transport process leads to

low plasma and high urine concentration of

dibasic amino acids. Hyperammonaemia is caused

by functional impairment of the urea cycle

(Mannuci et al. 2005).

Usually infants with LPI present soon after

weaning from breast milk, as breast milk is rela-

tively low in lysine. Clinical symptoms are vari-
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able and non-specific: poor feeding, vomiting,

mild diarrhoea, failure to thrive, muscle hypotonia

and hypotrophy, sparse hair, moderate hepato-

splenomegaly, aversion to high-protein food, epi-

sodes of stupor and coma after a protein-rich meal

(Simell 2001). Often early severe osteoporosis and

growth retardation can occur. Osteoporosis may

result in pathologic fractures. Some patients de-

velop complications including progressive inter-

stitial changes in the lung (alveolar proteinosis)

and respiratory insufficiency (Santamaria et al.

1996), renal failure, bone marrow and immuno-

logical abnormalities (Parenti et al. 1995). Mental

development varies from normal to moderate re-

tardation, because episodes of prolonged coma

caused neurologic damage. The diagnosis of LPI

is based on amino acid assays in plasma and urine

– increased urinary excretion and low plasma con-

centration of lysine, arginine and ornithine (Simell

2001). Elevated levels of ammonia, lactate

dehydrogenase (LDH), aspartate aminotransferase

(ASAT), alanine aminotransferase (ALAT), thy-

roid-binding globulin, ferritin, urinary orotic acid

and mild leukopaenia, anaemia, and thrombo-

cytopaenia have been observed. The diagnosis of

LPI may be missed during infancy and childhood

due to unspecific clinical presentation.
The objective of this report is to present the

first case of LPI in Lithuania, focussing on diag-
nostic problems. At the age of 14 years, the girl
was referred to the Centre for Medical Genetics
at the Vilnius University hospital for evaluation of
unexplained hepatosplenomegaly. She was the
first and only child of unrelated healthy parents,
born at term after an uneventful pregnancy. Birth
weight was 3800 g and length was 50 cm.
Hepatosplenomegaly was noticed at birth, which
progressed thereafter. Ten days after birth, sepsis
was diagnosed. There was icterus mainly due to
conjugated bilirubin. Liver blood tests, including
hepatitis A, B, and C, were normal. She improved
after 2 weeks, but unexplained hepatosplenomegaly
remained. The mother reported that her child had
been suffering from poor feeding, vomiting and mild
diarrhoea already during infancy. At 18 months of
age, lactase deficiency was diagnosed. When the
girl was 6 years old, congenital cataract of the
right eye was detected. Galactosaemia and
glycogenosis were suspected, but not confirmed
(liver biopsy showed normal liver tissue with
a slight lymphoid infiltration in portal tracts, but
with normal structure). At 13 years of age, the girl
suffered from 3 fractures; all evoked by minimal
trauma. Severe osteoporosis was found then. Liver
biopsy was done again because Gaucher disease

was suspected. However, liver, spleen, and bone
marrow biopsy showed no signs of Gaucher dis-
ease.

After nearly 17 years and after having con-

sulted several doctors, the definite cause of her

hepatosplenomegaly was finally established.

Physical examination revealed no physical anom-

aly in the girl with normal weight (50 kg) and

height (160 cm) and reddish hair. Abdominal pal-

pation showed moderate hepatosplenomegaly.

Liver was palpable 3 cm below the right costal

margin, non-tender, with a rounded edge,

the spleen 2 cm below left costal margin. Detailed

dietary history revealed the aversion to high pro-

tein diet (meat, fish, egg). Episodes of drowsiness,

sleepiness, weakness, and vomiting after

high-protein intake, were obvious. Routine labora-

tory test values including electrolytes, glucose,

bilirubin, total protein, albumin, lactate,

ceruloplasmin, aminotransferases, gamma-

glutamyltransferase (GGT), alkaline phosphatase

(AP), coagulation studies, triglycerides, choles-

terol, renal function tests, urea, and creatinine,

were normal. The only detected abnormalities were:

a slight hyperammonaemia (68 �mol L–1; normal

10–47), elevated levels of LDH (290 U/L; normal

100–190), ferritin (323.5 �g L–1; normal 10–120),

and thyroid-binding globulin (772 mmol L–1; normal

241–722). Ultrasonographic assays revealed dif-

fuse goiter and hepatosplenomegaly. Brain com-

puted tomography (CT) was normal. Bone

densitometry showed osteoporosis. An IQ test re-

vealed normal intellectual development.

After extensive metabolic investigations, marked

abnormalities in her urine and serum amino acid pro-

files were found (Table 1). Serum citrulline, alanine,

glycine, glutamine, and serine levels, were high. Uri-

nary excretion of citrulline, alanine, lysine,

glutamine, arginine, proline, hydroxyproline, orni-

thine, orotic acid (89 mmol mol–1 creat.; normal

4.9 ± 3.6) and uracil (60 mmol mol–1 creat.; normal

2–22) was markedly elevated.

Hyperammonaemia, hyperaminoacidaemia,

hyperaminoaciduria, diet-related worsening, aver-

sion to high-protein food, and episodic of drowsi-

ness, all pointed to a disorder resulting in

hyperammonaemia. Due to the diet-related symp-

toms and biochemical features, citrullinaemia was

suspected. The clinical features of citrullinaemia,

such as aversion to protein, hepatomegaly and

hyperammonaemia, resemble those of LPI. How-

ever, usually both plasma and urinary citrulline

levels are more increased in citrullinaemia. Finally

LPI was suggested because of a clinical signs,
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which were not characteristic of citrullinaemia –

osteoporosis combined with the most outstanding

biochemical feature, i.e. large amount of urinary

lysine. To confirm the diagnosis of LPI, mutation

analysis of the SLC7A7 gene was done in Finland.

The investigation revealed a mutation in the pa-

tient’s SLC7A7 gene. A homozygous A-to-G tran-

sition was detected in a splice acceptor sequence 6

(IVS6-2A�G). Interestingly, the mutation is lo-

cated in the same nucleotide position as the Finn-

ish LPI founder mutation, a transversion of A-to-T

(IVS6-2A�T). This supports the pathogenic role

of the mutation in our patient and confirms the

clinical diagnosis of LPI. The patient was dis-

charged with the recommendation to supplement

her diet with 5 grams of citrulline per day, as rec-

ommended elsewhere (Rajantie et al. 1983;

Lukkarinen et al. 2003; Tanner et al. 2007).

In conclusion: unexplained hepatosplenomegaly

combined with normal liver function tests and ab-

sence of signs of liver cirrhosis should cause a physi-

cian to exclude a possible congenital metabolic

disorder. In our patient, all clinical symptoms for

a correct diagnosis were present since childhood.

To our knowledge, this is the first reported case of

LPI in Lithuania.
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Table 1. Amino acid levels in serum and urine.

Normal range is given in brackets.

Amino acid Serum (mmol L–1) Urine (mmol mol–1

creat.)

Citrulline 70.99 (1–46) 54.01 (0–1.1)

Alanine 1701.14 (152–547) 444.30 (0–170)

Hydroxyproline – 148.3 (0–11.3)

Glycine 829.40 (127–341) 1453.87
(11.3–1493)

Glutamate – 816.39 (0–45.2)

Arginine 43.8 (10–140) 104.3 (0–3.4)

Serine 305 (69–187) –

Glutamine 4811.16 (254–923) –

Lysine 121.00 (48–284) 838.93(0–158)

Proline 645.0 (59–369) 104.13 (0–22.6)

Ornithine 26.21 (10–163) 109.93 (0.0–11.3)
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