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Abstract

Hereditary fructose intolerance, caused by mutations in the ALDOB gene, is an unusual cause of hypoglycemia. ALDOB
encodes the enzyme aldolase B, responsible for the hydrolysis of fructose |-phosphate in the liver. Here, we report the case
of a 33-year-old female patient who consulted due to repetitive episodes of weakness, dizziness and headache after food
ingestion. An ambulatory 72-h continuous glucose monitoring revealed multiple short hypoglycemic episodes over the day.
After biochemical exclusion of other endocrine causes of hypoglycemia, hereditary fructose intolerance seemed a plausible
diagnosis. Repeated measurements of urinary fructose revealed pathologic fructosuria, but genetic testing for the three most
common mutations in ALDOB resulted negative. We decided to perform complete Sanger sequencing of the ALDOB gene
and encountered a variant consisting of a T>>A substitution in position 1963 of the ALDOB transcript (c.1693T>A). This
position is located within the 3’ untranslated region of exon 9, 515 nucleotides downstream the stop codon. After complete

withdrawal of dietary fructose and sucrose, the patient presented no new hypoglycemic episodes.
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Introduction

Hereditary fructose intolerance (HFI, OMIM 229600) is a
fairly rare condition secondary to mutations in the ALDOB
gene, which encodes the enzyme aldolase B. The inci-
dence of HFI in different ethnic groups ranges between
1/10,000 and 1/100,000 newborns.!2 ALDOB is a 15,221-
bp long gene, located in the long arm of chromosome 9
(9931.1) and containing nine exons.? Aldolase B is respon-
sible for the reversible conversion of fructose 1-phosphate
into the three-carbon sugars glyceraldehyde and dihy-
droxyacetone phosphate (DHAP). Patients with HFI usu-
ally have recurrent hypoglycemic episodes after ingesting
foods containing fructose. Hypoglycemia seems to be the
result of fructose 1-phosphate accumulation, which hin-
ders hepatic glycogen phosphorylase activity by exhaust-
ing cytosolic reserves of inorganic phosphate and
inhibiting gluconeogenesis.* The clinical presentation of
HFI may include hypoglycemia, hypophosphatemia,
hypomagnesemia, abdominal pain and/or vomiting after

ingestion of high-fructose meals. Over time, patients may
develop hepatomegaly, metabolic acidosis, renal proximal
tubulopathy and failure to thrive.* Most cases develop the
associated symptoms during childhood or adolescence,
and only a few cases of HFI symptom onset during adult-
hood have been reported.® HFI is a diagnosis of exclusion
after more prevalent causes of postprandial hypoglycemia
are ruled out.

Here, we report the case of an adult patient with recurrent
episodes of symptomatic but mild hypoglycemia and a previ-
ously unreported mutation in the aldolase B gene.
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Table I. Baseline laboratory values.

Parameter Value Reference value
Aspartate aminotransferase 19U/L 1045U/L
Alanine aminotransferase 19U/L 1045U/L
25-hydroxyvitamin D 36.5ng/mL 30-80ng/mL
lonized calcium 1.29 mmol/L [.1-1.35mmol/L
Ferritin 15.8ng/mL I 1-306 ng/mL
Cobalamin 329 pg/mL 180-914ng/L
Thyroid-stimulating hormone ~ [.72mlU/L 0.4—4.2mlU/L
Free T4 0.77 ng/dL 0.7-1.7 ng/dL
8AM cortisol 248nmol/L 193772 nmol/L
Total cholesterol 161 mg/dL 50-200 mg/dL
HDL cholesterol 59.6 mg/dL 40-120 mg/dL
LDL cholesterol 88.8 mg/dL 0—-130mg/dL
Triglycerides 63 mg/dL 40-200 mg/dL

HDL: high-density lipoprotein; LDL: low-density lipoprotein.

Case presentation

A 33-year-old woman from Bogotéd, Colombia, consulted
due to repetitive episodes of weakness, dizziness and some-
times headache, symmetric numbness in her face and arms
and/or sensation of imminent fainting. The reported epi-
sodes resolved spontaneously after a few minutes, tended
to occur after the main meals and had increased in fre-
quency over the last 5years. Following advice from rela-
tives and her own personal research, the patient performed
blood sugar measurements during the episodes, which
yielded results between 40 and 60 mg/dL. She consulted
her general practitioner 2years before, and he recom-
mended lifestyle changes including a decrease in high gly-
cemic index foods and an increase in dietary intake
frequency to six times a day, once every 3 h. Adherence to
these recommendations led only to partial resolution of the
symptoms. The patient had no memory of discomfort after
consumption of fruits or juices during childhood but
reported an increasing occurrence of the reported postpran-
dial symptoms starting in adolescence that eventually
became very uncomfortable and led her to consult. The
patient’s parents were not consanguineous, and she did not
display hepatomegaly or altered linear growth.

In April 2013, during a routine laboratory work-up that
included a pre- and post-meal plasma glucose measurement,
the patient experienced an event of asymptomatic hypogly-
cemia (glycemia 2h post-meal: 29 mg/dL). She consulted
our department with these results. Past medical history
included an episode of pulmonary thromboembolism and
upper limb deep venous thrombosis in 2011 secondary to
protein C deficiency. She received subcutaneous enoxaparin
40mg a day since 2011 until July of 2015, when she was
started on daily oral aspirin 100 mg. Surgical history included
appendectomy and herniorrhaphy (X2). She reported a fam-
ily history of deep venous thrombosis, throat cancer and dia-
betes mellitus.

We performed an ambulatory 72-h continuous glucose
monitoring (CGM) and a biochemical work-up that ruled out
adrenal insufficiency and hypothyroidism (results summa-
rized in Table 1). The CGM revealed 48 events of hypogly-
cemia below 70mg/dL, the lowest reaching 42 mg/dL. The
patient was hospitalized to perform a 72-h fast test, during
which no hypoglycemic episodes occurred, ruling out endog-
enous hyperinsulinism and factitious hypoglycemia. In order
to explore the possibility of HFI, we measured urinary fruc-
tose levels in three separate samples employing the hexoki-
nase—phosphoglucoisomerase method, the results were
361.2, 379, and 357.1 uM/L (reference range in non-diabet-
ics is 6.1-10.1 wM/L7). Analysis of single-point variations in
the three most common mutations in the ALDOB gene
(c.448G>C, ¢.524C>A and c¢.1005C>G, performed at
Genética Molecular de Colombia, SAS—www.geneticamo-
lecular.com.co) revealed no alteration at these genomic sites.
However, because the clinical picture of the patient fitted
very well a case of HFI, we decided to perform complete
sequencing of the ALDOB gene.

Leukocyte DNA was extracted, and the exons 2—-9 of the
ALDOB gene were amplified through polymerase chain
reaction. Primer sequences were designed according to pre-
vious reports® (Table 2). We sequenced the eight amplicons
containing exons 2-9 and neighboring regions using Sanger
sequencing in an ABI PRISM 3500 genetic analyzer at
Universidad de los Andes, Colombia. The sequence of the
amplicons was aligned to the human genome using the Basic
Local Alignment Search Tool (BLAST) version 2.7.0. We
identified a single homozygous point mutation consisting of
a T~ A substitution in position 1693 of the ALDOB transcript
(c.1693T"A  against c¢cDNA  reference  sequence
NM_000035.3), within the 3’UTR of exon 9, 515 nucleo-
tides downstream the stop codon (Figure 1). Our diagnostic
impression was confirmed by molecular analysis, and the
patient was initiated on a fructose and sucrose-free diet.
Since complete withdrawal of dietary fructose and with very
high adherence by the patient, no new hypoglycemic epi-
sodes occurred.

Discussion

HFI is considered an uncommon cause of hypoglycemia,
affected children soon developed an aversion to all foods and
protect themselves by self-imposed fructose and sucrose
restriction. The strict dietary exclusion leads to normal
growth and longevity. Nevertheless, complete elimination of
this sugar from the diet is difficult to achieve, especially for
undiagnosed adults, without professional advice. These peo-
ple may suffer symptoms throughout life and represent a
diagnostic challenge for attending physicians.®!!

The study of postprandial hypoglycemia in adults involves
the exclusion of hyperinsulinemic states and secondary
causes of hypoglycemia, followed by tests aimed at less fre-
quent causes of non-hyperinsulinemic hypoglycemia, like


www.geneticamolecular.com.co
www.geneticamolecular.com.co

Morales-Alvarez et al.

Table 2. ALDOB exons, sequence of primers and size of each amplicon.

Exon Exon size (bp) Forward primer Reverse primer Amplicon size (bp)
2 122 CCACAGAATAGAGAGACAGT GTTGTTATATGATGAGACTG 506
3 212 CTAGCCACCTGAGAGCAACCA TCTCTGTGGGAAGATGACGA 540
4 55 GATGCAAACTGTTAGTTAG GCCTTCATTTCTAGCTTAC 190
5 16l ACTCCTTCCCTTTATTA GGTCCATTTGTAGTTATAGT 330
6 84 CTAGGTTCTGAGGCAGCTAG TTATATGTTAAGTAACAGCTG 388
7 174 CTGCAGTGTAAATGTGCCAA GCTTGGTATTCTGAAGTG 412
8 200 CTCAAGCAGGGTATATAAG CTCAATCCTCATACTGACCTC 418
9 1327 TTCCCATGAGAGGCAGA GACCTTTACTGTTGAAACCC 710

(a) ACAGGGTTTCAACAGTAAAGGTC Patient sequence
FEEEERERErrrrrerrrrtnd
ACTGGGTTTCAACAGTAAAGGTC Wild-type sequence

(b)-—-------.--—ou-—-ﬂ—ﬂ-—
GAACAGGGTTIICAACAGTAAAG

Figure .1 (a) Wild-type sequence of exon 9 of ALDOB around
position c.1693 and mutation identified in the patient and (b)
electropherogram of the corresponding region.

urinary fructose. Patients may present fructose elimination in
the urine, which can be quantified through enzymatic or
chromatographic methods. The diagnosis can be confirmed
by the decrease of enzymatic activity of aldolase B in tissue
biopsies from liver, kidney or intestinal mucosa or by
sequencing the ALDOB gene. Among these options, molec-
ular analysis of ALDOB is the least invasive diagnostic
method for the confirmation of the diagnosis. It is particu-
larly important when there is partial response to treatment in
order to prevent children who do not have the disease from
being submitted to an unnecessarily restrictive diet. Because
of these reasons, and also of poor clinical recognition and
suspicion of this disease, the diagnosis of HFI in adults rep-
resents a huge challenge. The first reported case of HFI diag-
nosed during adulthood was published in 1978, the patient
was a 21-year-old woman with no clinical manifestations
during childhood. In this patient, symptoms developed fol-
lowing an intravenous fructose-rich fluid infusion for viral
meningitis, and the diagnosis was subsequently confirmed
by a fructose tolerance test (a diagnostic procedure no longer

in use due to the risk of potentially fatal events).!® Two more
cases of HFI diagnosed late in life have been published, one
in a 69-year-old man and the other in a 50-year-old woman.
In both cases, the diagnosis was suspected based on aversion
to sucrose-containing foods. Contrary to our case, both cases
manifested symptoms during childhood but had undergone
no subsequent clinical or laboratory analyses to study these
symptoms. Interestingly, these two patients presented no
long-term systemic complications of HFL.%!! None of these
previous reports of adult HFI performed genetic assessment
to identify the responsible ALDOB gene mutation.
Molecular and genetic assessment represents the current
gold standard to establish a definitive diagnosis of HFI. Up
to 60 mutations in ALDOB have been described so far,
including 29 missense or nonsense mutations, 9 splicing
site mutations, 15 deletions and even | regulatory mutation
in the promoter.'> However, the most common ALDOB
mutations are by far ¢.448G>C (exon 5), ¢.524C>A (exon
5) and ¢.1005C>G (Exon 9).>12 These common mutations
take place in coding regions of the gene and produce harm-
ful modifications in the aldolase B enzyme that result in a
truncated polypeptide, major changes in folding, disruption
of the substrate-binding site or impaired ability to conform
tetramers.!3-13 It is interesting to note, however, that HFI
has also been reported in a patient heterozygous for the
pY204X (c.612T>A) mutation,'® suggesting that HFI may
behave as a phenotype with codominance or incomplete
penetrance. Exon 9 is the largest of the eight exons of
ALDOB, it consists of 1327 base pairs and a 3’ untranslated
region (UTR). Exon 9 harbors the ¢.1005C>G mutation,
responsible for up to 8% of all HFI cases.!3!5 In our case,
amplification and complete sequencing of the ALDOB
exons revealed a previously unreported variant located in
the 3" UTR of exon 9. Even though this variant theoretically
does not affect the sequence, folding or function of the
resulting protein, pathogenic variants of the 3" UTR have
been described in several genetic diseases including hemo-
globin H (HbH) disease,!” immunodysregulation polyendo-
crinopathy enteropathy X-linked (IPEX)!®) and aniridia.!?
Mutations on the 5" UTR have been found on hereditary
thrombocytopenia,?® breast cancer,?' fragile X syndrome??
and Alzheimer’s disease.”> The mechanisms involve the
influence of the 3" UTR on mRNA stability and translation
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efficiency.?* Recently, single-point mutations in the p53
mRNA 5" UTR were associated with dysfunctional activity
of p53 and propensity to tumor development.?® Thus, it is
biologically plausible that a 3’ UTR variant of ALDOB in
our patient may have led to suboptimal aldolase activity
levels and the observed phenotype of fructosuria and
hypoglycemia.

Conclusion

HFTI is one of the least common causes of hypoglycemia,
and its detection can be particularly challenging in adult
patients. A careful anamnesis and acute clinical suspicion
are required to detect HFI in patients with predominantly
postprandial, non-hyperinsulinemic hypoglycemia of no
apparent cause. This also calls for exclusion of hyperinsu-
linemic states or exogenous administration of insulin or
hypoglycemic drugs. Molecular analysis is the corner-
stone of the diagnosis of HFI. More than 60 mutations in
ALDOB have been identified to date, but only the three
most common mutations in exons 5 and 9 are usually
included in the diagnostic study of patients with suspected
HFI. In this report, we document a pathogenic variant
mutation in the UTR of the ALDOB gene, accompanied
by a phenotype of recurrent postprandial hypoglycemia
corresponding to that of HFI, albeit with a milder severity.
HFI should not be entirely ruled out in the diagnostic
algorithm for unexplained hypoglycemia, even in an adult
patient or even if the most common mutations of ALDOB
are not present.
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