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Article history: Introduction: Hereditary fructose intolerance (HFI) is a rare inborn error of carbohydrate metabolism, autosomal
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months of life with the introduction of complementary foods containing fructose, sucrose or sorbitol, often with
vomiting, feeding problems and failure to thrive. Prolonged exposure may cause liver and kidney failure, which
can lead to death. Treatment consists in removing the toxic sugars of diet.

Materials and methods: Clinical and molecular characterization of four unrelated patients from the State of Minas
Gerais, Brazil, all children from non-consanguineous parents.

Results and discussion: Age at diagnosis was between 10 and 32 months and the severity of the disease correlated
with the increasing of age at diagnosis. The predominant symptoms were vomiting, weight loss, and hepatomeg-
aly. Severe renal tubular acidosis manifested in one child. All patients had remission of symptoms after dietary
modification. The sequencing of the ALDOB gene identified one homozygous patient for the mutation
¢.524C>A (p.A175D), while the others were compound heterozygous for ¢.360_363delCAAA (p.N120KfsX32),
¢.178C>T (p.R60X) mutations, c.448G>C (p.A150P) and c.524C>A (p.A175D). Clinical improvement of patients
after dietary treatment is suggestive of the diagnosis, confirmed by molecular analysis. The prevalence of muta-
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tions found in our Brazilian patients is different from those of international literature.
© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The hereditary fructose intolerance (HFI; MIM 229600) is an inborn
error of carbohydrate metabolism caused by mutations in the gene
encoding the aldolase B liver enzyme [1] (ALDOB; EC 4.1.2.13; GenBank
accession no. AH002597). The p.A150P mutation, followed by the
p.A175D, is the most prevalent in the international literature [2,3,4,5,
6]. The incidence of HFI is around 1/10,000 to 1/100,000 newborns
and varies according to the ethnic group studied [4,6,7,8]. This data re-
sult in a predicted carrier frequency between 1:55 and 1:120 [6].
There is no data of HFI in the Brazilian population. Fructokinase phos-
phorylates the fructose obtained in the diet to fructose-1-phosphate,
substrate for aldolase B. The aldolase B deficiency leads to fructose-1-
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phosphate accumulation primarily in cells of the liver, intestine and
proximal renal tubule, leading to phosphate depletion, deficient energy
metabolism and impairment of gluconeogenic/glycolytic pathway [2,9,
10,11]. In general, the individual with HFI has normal growth and devel-
opment during exclusive breastfeeding. The introduction of fructose,
sucrose (disaccharide formed by fructose and glucose) or sorbitol can
cause mainly vomiting, feeding difficulties and failure to thrive. More
acutely symptoms are gastrointestinal distress, hypoglycemia, shock
and hepatomegaly, pallor, bleeding, tremor and jaundice. Without
treatment, liver and kidney failure can occur, leading to death [12,13].
The clinical response to dietary treatment strongly suggests the diagno-
sis of HFI. Patients may present fructose elimination in the urine, identi-
fied by various techniques, such as thin-layer chromatography, and
quantified enzymatically [14]. The diagnosis can be confirmed by the
decrease of enzymatic activity of aldolase B, measured in samples
from liver, kidney and intestinal mucosa biopsies [15] or by sequencing
the gene ALDOB [2]. The treatment is the complete removal of all
sources of fructose, sucrose and sorbitol of the diet, eliminating the
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consumption of fruits and sucrose and restricting the intake of vegeta-
bles. One should be aware of the labels of dietary products that may con-
tain sorbitol and also medicines, in which fructose and sucrose may be
used in vehicles [1]. This restriction is sufficient to stop the symptoms
and restore normal growth, even though hepatomegaly may persist
for months or even years, for still unknown reasons [13].

We report four non-related Brazilian patients with HFI, attempting
for recognition of this potentially severe disease that has an excellent
prognosis since it is treated.

2. Methodology
2.1. Clinical data

The clinical data of four non-related patients were collected from
their medical records, with the consent of parents and/or guardians.

2.2. Molecular analysis

Blood samples were collected in anticoagulant tube containing
EDTA, followed by DNA extraction [7]. For patient 1, allele-specific oligo-
nucleotide hybridization for targeted mutations of ALDOB was per-
formed at Boston University [6]. Sequencing of all exons and intron/
exon junction regions of ALDOB, in forward and reverse directions, by
fluorescent automated dideoxy DNA sequencing [7] was performed
for patients 2, 3 and 4.

The analysis of the results was performed using the reference se-
quences NG_012387.1 (DNA), NM_000035.3 (cDNA) and NP_000026.
2 (protein) [16] and the previous description of mutations provided
by the Human Gene Mutation Database (HGMD) [17].

3. Results
3.1. Clinical and biochemical data

Data from four patients with HFI is presented below and summa-
rized in Table 1.

3.1.1. Patient 1

Second daughter of non-consanguineous couple. Cesarean section at
37 weeks of gestation, weight 2610 g and length of 49 cm, appropriate
for gestational age. She received breast milk and infant formula from
birth. At 6 months of age the complementary feeding started with aver-
sion to fruits, juices and yogurts. She presented vomiting after eating
these foods, and also after administration of drugs in the form of
sweet syrup. She held the 15th percentile for weight until 6 months,
but it decreased after eight months of age. At 13 months, with weight =
6500 g (percentile < 3, 50th percentile for 4 months) and length =
69 cm (percentile < 3), she was admitted in the hospital for investiga-
tion. There was a remarkable hepatomegaly, with liver palpable 8 cm
below the right costal margin. Laboratory tests showed liver and renal

dysfunction: STGO: 316 U/L (13-49), STGP: 114 U/L (10-37), direct bil-
irubin level: 0.8 mg% (0 to 0.3) and proteinuria ++ (100 mg/dL). Die-
tary treatment for HFI started, leading to progressive remission of
symptoms. Sugar chromatography of urine was normal, result attribut-
ed to the lack of fruit intake. After 10 days she gained 480 g and labora-
tory improvement was noticed (SGOT: 173 U/L, SGPT: 92 U/L and
normal 24-hour proteinuria, 38.92 mg). Abdominal ultrasound at
15 months showed liver with normal dimensions. Urine tests,
blood count and liver function were always normal in later controls.
Anthropometric data at 18 months: weight = 8950 g (15th percen-
tile), length = 74.5 cm (3rd percentile) and PC = 45.2 cm (below
the 10th percentile), and at 25 months, weight = 10,820 g (15-
50th percentile), length = 82.2 cm (3-15th percentile) and PC =
46.3 cm (below the 10th percentile). The parents noticed that, de-
spite the rejection to fruits in general, she always looked for green
acerola to ingest. Her psychomotor development was always appro-
priate for her age.

3.1.2. Patient 2

First son of non-consanguineous parents. Born at term of cesarean
delivery, indicated by maternal hypertension and fetal macrosomia,
without complications. Birth weight = 3940 g, length = 52 cm and
Apgar 9. Healthy until 5 months old, receiving breast milk and infant
formula. After the first vegetable soup he presented crisis of vomiting,
hypotonia, lethargy and grunting. He developed severe aversion to
fruits and vegetables and had sweating, malaise and prostration after
lunch, dinner, and fruit. Because of a reduction in growth velocity and
weight gain, renal tubular acidosis was investigated and confirmed: pH:
7.30 (7.39 4 0.03); HCO3: 12.2 mEq/L (21 + 2); BE: —12.6 mEq/L
(—2 + 2); pCO;: 25.1 mm Hg (34 + 4); Cl: 106 mEq/L (96-106); K:
4.2 mEq/L (3.5-5.0); Na: 136 mEq/L (137-145); proteinuria ++; urine
pH: 7.1 (5.5-7.0); and calcium/creatinine in urine: 4.67 mg/dL (<0.25).
Other blood results: normal glycemia, urea and creatinine, hypochromic
microcytic anemia, high triglycerides: 162 mg/dL (<100) and abnor-
mal liver function: SGOT: 239 U/L (16-57); and SGTP: 242 U/L (24-
59). Urinary tract ultrasound was normal. An alkalizing formula
(30 mEq citrate/kg/day) was prescribed in an attempt to control ac-
idosis with a gradual increase in dose, without effect. At 2 years and
8 months the patient came to the metabolic specialist in anasarca,
malnourished and with hepatomegaly (liver 6 cm below the xiphoid
process, increased consistency) and liver dysfunction. Lab results:
STGO: 168 U/L, SGTP: 190 U/L, GGT: 25 U/L (5-27); prothrombin ac-
tivity: 80%, albumin 2.8 g/dL (3.4-4.2); globulin: 2.1 g/dL (1.4-3.2);
P: 2.4 mg/dL (3.8-5.5), alkaline phosphatase: 1173 U/L (104-345);
decompensated metabolic acidosis (pH: 7.30, HCO3™ 16 mEq/L), in-
creased lactate: 5.2 mmol/L (0.7-2.1). Ammonia, blood glucose, cho-
lesterol, triglycerides, serum copper, alpha-1-antitrypsin, urea and
creatinine were normal. Due to the clinical suspicion of HFI dietary
treatment was initiated and medicines containing sucrose and sorbi-
tol were excluded. In 21 days the patient became completely asymp-
tomatic, with regression of liver size (3 cm below the xiphoid

Table 1
Summary of the clinical history of patients with HFL
Patient P1 P2 P3 P4
Parental .. No No No No
consanguinity
Age of onset of 6 months 5 months 6 months 3 months

symptoms
Age at diagnosis 1 year
Vomiting, aversion to fruits,

2 years and 8 months

Initial . . . Vomiting, lethargy crisis, insufficient weight gain,
hepatomegaly, insufficient weight ST
symptoms gain renal tubular acidosis, hepatomegaly, anasarca
L Metabolic acidosis, turine calcium, proteinuria
Laboratory Proteinuria ++, 3 P
. . ++,
findings ttransaminases

ttransaminases, | P, ttriglycerides

1 year and 6 months 10 months

Vomiting, irritability, sleep disorders,
abdominal distension, hepatomegaly,

Vomiting, lethargy
crisis, hepatomegaly

tcholesterol and triglycerides, liver
biopsy with glycogen storage and
steatosis

ttransaminases
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process), without edema, with good nutritional status and laborato-
ry tests and without the need for medications. At 3 years and
9 months of age, in the last evaluation, the child had normal psycho-
motor development, weight: 15,400 g (25-50th percentile) and
height: 1.0 m (25-50th percentile). He grew 18 cm in the first year
of treatment.

3.1.3. Patient 3

Second daughter of non-consanguineous parents, cesarean delivery
at term, with adequate birth weight. Healthy until 6 months of age on
exclusive breastfeeding. Bloating, irritability and sleep disorder started
with the introduction of complementary feeding. She developed aver-
sion to fruits and preference for salty foods. There was a decrease in
growth rate and hepatomegaly after 1 year old. At age 19 months labo-
ratory tests were done: urinalysis with density: 1020 (1015-1025), pH:
5 (5.5-7.0), unusual elements absent, regular sediment analysis; total
cholesterol: 230 mg/dL (desirable <170); HDL cholesterol: 42 mg/dL
(desirable >40); LDL: 152 mg/dL (desirable <110); VLDL: 36 mg/dL; tri-
glycerides 182 mg/dL (<100 mg/dL); SGTO: 50 U/L (16-57); SGTP:
57 U/L (24-59); total bilirubin: 0.5 mg% (0.2-1.3); direct bilirubin:
0.1 mg% (0.0-0.3); GGT: 27 U/L (5-27); prothrombin time 93% (70-
110), and INR: 1.05. Other tests: normal uric acid, lactate and CK. Liver
biopsy showed sharp and diffuse macrovacuolar steatosis, interspersed
with small areas of hepatocytes with aspect of plant cell by cytoplasmic
accumulation of glycogen, evidenced by periodic acid-Schiff (PAS)
stain, with and without diastase, and sinusoid compression due to accu-
mulation of these substances; absence of fibrosis; conclusion: histopa-
thology compatible with glycogen storage disease. HFI was suspected
and diet initiated with complete remission of symptoms.

3.1.4. Patient 4

First son of non-consanguineous parents, cesarean delivery at
term, without complications. Healthy until 3 months of life, then he
began vomiting after ingestion of coconut water, fruits and vegeta-
bles. The patient received treatment for gastroesophageal reflux
without improvement of vomiting. Hepatomegaly was noted at
5 months old, when liver impairment was also detected: SGTO:
194.8 U/L (16-57); SGTP: 236 U/L (24-59); total bilirubin:
0.68 mg% (0.2-1.3); and direct bilirubin: 0.39 mg% (0.0-0.3). Serolo-
gy tests for hepatitis A, rubella and toxoplasmosis were negative, but
positive for cytomegalovirus (IgG); the blood gases were normal.
Admitted at the hospital with 10 months old because during sleep
he was found lethargic, with vomiting and in apnea. Due to the clin-
ical HFI suspicion, dietary treatment was initiated and the symptoms
disappeared, suggesting the disease. At age 12 months his liver func-
tion normalized, but his liver continued to enlarge (5 cm below the
right costal margin). Only at age 18 months the hepatomegaly re-
duced. His weight was maintained in the 15th percentile.

3.2. Molecular analysis.

The DNA sequencing of the subjects showed p.A150P, p.A175D,
p.N120KfsX32, p.R60X and p.N120KfsX32 mutations in the ALDOB

Table 2
Summary of the molecular changes observed in ALDOB gene of the patients.
Patient  Presentation cDNA Protein Description
P1 Homozygous c.524C>A  p.A175D [18]
P2 Compound heterozygous  ¢.448G>C  p.A150P [19]
c524C>A  p.A175D [18]
P3 Compound heterozygous  ¢.360_363  p.N120KfsX32 [20]
delCAAA
c178C>T  p.R60X [21]
P4 Compound heterozygous  ¢.360_363  p.N120KfsX32 [20]
delCAAA
c178C>T  p.R60X [21]

gene, all already reported in the literature [18,19,20,21]. Patient 1 was
homozygous for p.A175D and the other were compound heterozygous
(Table 2).

4. Discussion and conclusion

All four patients initiated symptoms after ingestion of food or
medications containing fructose, sucrose or sorbitol. Vomiting and
hepatomegaly occurred in all patients, two of them had lethargy cri-
sis, possibly due to not registered hypoglycemia. One of these re-
ceived treatment for renal tubular acidosis, but liver dysfunction
presented in this case should be a clue for the missed HFI diagnosis.
Age at diagnosis of the four patients ranged from 10 to 32 months,
with more severe impairment of the disease related with increased
age at diagnosis.

The presence of hepatomegaly in patients with HFI is a consequence
of the accumulation of lipids in the liver [ 18]. The literature reports that
after the fructose consumption the concentration of fatty acids in circu-
lation increases more than two times in patients with HFI compared to
healthy subjects, which can explain the increase in serum triglyceride
levels observed in patients 2 and 3 [22,23,24].

Glycogen accumulation in the liver, such as observed in patient 3 is
unusual, and can work as a confounding factor for the diagnosis of pa-
tients with HFI. Cain and Ryman [25] report a case of a 2-year-old pa-
tient diagnosed with HFI after death by enzyme dosage in liver cells.
Liver biopsy had previously revealed the presence of increased amounts
of glycogen (11.6%, normal: 1-4%), suggesting storage of glycogen. The
reasons of this accumulation are poorly understood, but the authors
suggest that there is reduction of glycogenolysis by phosphoglucomu-
tase inhibition, that catalyzes the conversion of glucose-1-phosphate
to glucose-6-phosphate, or due to deficiency of intracellular inorganic
phosphate diverted to the formation of fructose-1-phosphate [25,26].

Before the HFI suspicion and start of treatment all patients had liver
function tests because of hepatomegaly (abnormal in patients 1, 2 and
4), only patient 2 had results of blood phosphate (low) and glucose
(normal); other analytes as blood fructose and magnesium were not re-
quested for any patient.

Molecular analysis of the gene ALDOB is the least invasive diagnostic
method to confirmation of suspected patients. It is important mainly
when there is partial response to treatment in order to prevent children
who do not have the disease to submit to a restrictive diet.

According to the international literature, the most prevalent mutant
alleles are p.A150P (44% in the US and 30 to 50% in Italy), followed by
p.A175D (9% in the US and 19 to 50% in Italy) [5,6,27,28]. We observed
that in the four reported patients of Minas Gerais State, Brazil, the mu-
tant allele p.A150P was the least frequent (12.5%), and the most fre-
quent mutations were p.A175D (37.5%), p.N120KfsX32 (25%), and
p.R60X (25%).

Previous studies have demonstrated the pathogenicity of mutations
found in our patients. The p.A150P mutation causes the exchange of al-
anine for proline at the domain of the enzyme for substrate binding.
Structural and functional investigations of this substitution have
shown that the mutation leads to losses in thermal stability, quaternary
structure, and activity. X-ray crystallography is used to reveal the struc-
tural basis of these perturbations [29]. The p.A175D mutation results in
the substitution of an alanine residue, highly conserved among aldolase
enzymes of various species, for aspartic acid resulting in changes of the
load and conformation in a critical region of the enzyme. The mutant
protein was found to be extremely labile and is possibly rapidly degrad-
ed in situ as a result of denaturation [30]. The alteration in the reading
frame in p.N120KfsX32 and the creation of a premature stop codon by
mutation p.R60X both result in truncated proteins, which lack essential
sites for enzymatic action [20,21]. The fact that patients 1 and 2 were
homozygous for missense alleles and patients 3 and 4 were homozy-
gous for null alleles doesn't seem to have correlation with their clinical
outcomes.
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We believe that HFI is underdiagnosed because of the wide and non-
specific spectrum of symptoms. Patients without diagnosis can survive
if they learn to reject foods that cause them discomfort, and so protect
themselves. The preference of the patient 1, for example, for consuming
green fruit is a demonstration of this fact, since these fruits have a lower
amount of free fructose which is released during the ripening process
through degradation of complex carbohydrates [31,32].

The differential diagnosis should be centered on other inborn errors
of metabolism as tyrosinemia, galactosemia, glycogen storage disorders,
Wilson's disease [12] and respiratory chain disorders. Hepatitis, toxic
hepatosis, liver tumor, intrauterine infection and sepsis are also consid-
ered [12].

The HFI should be distinguished from other diseases with the same
treatment, as food protein-induced enterocolitis syndrome [33] and
fructose malabsorption [34].
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