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Glycerol kinase deficiency (GKD) is a rare X-linked condition where glycerol cannot be phosphorylated to
glycerol-3-phosphate, a key component of gluconeogenesis. Clinical presentation varies widely. We present a
novel variant of the responsible GK in a patient with concurrent hepatoblastoma, whose course was complicated
by hypoglycemia. Hepatoblastoma has not previously been described with GKD, highlighting the need for further

research into GKD and its potential role in the pathogenesis of some forms of hepatoblastoma.

1. Introduction

Glycerol kinase deficiency (GKD; OMIM: 307030, GenelD: 2710) is a
rare X-linked recessive disease resulting from variants in GK, a 23-exon
gene found on the short arm of the X chromosome at position 21.2
(Xp21.2) [1]. Glycerol kinase is a key enzyme in the regulation of
glycerol uptake and metabolism with generation of glycerol-3-
phosphate (G3P), a crucial component in gluconeogenesis [1]. Presen-
tation of GKD varies greatly, but hypoglycemia due to impaired gluco-
neogenesis is well described. GKD occurs as part of an Xp21 contiguous
gene deletion syndrome or as isolated GKD [2]. The most common
combination of the Xp21 contiguous gene deletion syndrome is the lack
of DMD, GK and/or NROBI1, which has been described as Complex
Glycerol Kinase Deficiency (CGKD) [3,4]. Adrenal hypoplasia congenita,
due to deletion of NROBI, is usually the first condition to appear in
CGKD with symptoms of adrenal insufficiency. Depending on the size of
the Xp21 contiguous gene deletion, additional deletions of CYBB and/or
OTC, about 7.5 Mb from GK, can present with clinical symptoms of
chronic granulomatosis disease and/or ornithine transcarbamylase
deficiency, respectively. Here, we present a patient with GKD and hep-
atoblastoma. While many cases of hepatoblastoma are sporadic in

nature, there are known genetic predisposition syndromes associated
with hepatoblastoma, including but not limited to familial adenomatous
polyposis, Beckwith-Wiedemann syndrome, glycogen storage disease
(particularly GSD type I), and Trisomy 18 [5-7]. Hepatoblastoma has
not previously been reported with GKD.

2. Case presentation

A 9-month-old ex-35-week gestational age male presented to the
emergency room with fussiness. On exam, the patient was found to have
a large heterogeneous liver mass by ultrasound, which was later
confirmed by CT scan of the chest/ abdomen/pelvis, where the result
was suspicious for localized hepatoblastoma. Interventional radiology-
guided biopsy of the liver mass was diagnostic for hepatoblastoma
with pure fetal histology. Initial alpha fetoprotein was notable for levels
>61,000 ng/mL (reference range: <20) (Table 1). At 10 months-of-age,
the patient hepatoblastoma treatment with cisplatin monotherapy and
resection of the mass after two cycles of chemotherapy at 13 months-of-
age. The patient’s post-operative course was complicated by resistant
hypoglycemia. Pediatric endocrinology was consulted to assist with
management of hypoglycemia, which required IV dextrose at a glucose
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infusion rate of 6.6 mg/kg/min with subsequent dextrose 10% (D10) to
maintain euglycemia. A baseline cortisol level was robust at 33 pg/dL.
Adrenocorticotrophic hormone was requested but not collected. A crit-
ical sample during his admission was obtained while euglycemic. This
sample showed a robust growth hormone concentration of 29.8 ng/mL
(reference range: <6) in the absence of hypoglycemia (with concomitant
glucose concentration of 145 mg/dL). A genetics work-up included urine
organic acids (UOA), which revealed a significantly elevated urinary
excretion of glycerol, suspicious for X-linked glycerol kinase deficiency,
confirmed on a repeat UOA sample (Table 1).

Another episode of hypoglycemia occurred while the patient was
NPO in preparation for a port removal surgery. Given his continued
hypoglycemia, a diagnostic fast was completed at 17 months-of-age. The
patient was able to maintain euglycemia during the diagnostic fast for
13.5 hours before the patient’s blood glucose decreased below 50 mg/
dL. Critical sample labs were obtained with a concomitant glucose level
of 41 mg/dL (Table 1). These results showed growth hormone at 1.3 ng/
mL, insulin at 2.0 pIU/mL, C-peptide <0.2 ng/mL, cortisol at 16 pg/dL,
beta hydroxybutyrate at 2.12 mmol/L (reference range: 0.02-0.27) and
free fatty acids at 2.22 mmol/L (reference range: 0.6-1.5). Lactate was
1.4 mmol/L (reference range: 0.5-2.2). After obtaining the critical labs,
glucagon was administered and the patient’s subsequent measurements
of glucose (lab and meter) continued to be low (47 mg/dL, 42 mg/dL, 47
mg/dL, 32 mg/dL, and 34 mg/dL; average 40 mg/dL), suggesting lack of
response to glucagon administration (Table 1). He received a D10 bolus
for blood sugar levels ~30 mg/dL with subsequent blood sugar rise to
148 mg/dL. During a second episode of hypoglycemia while fasting,
repeat measurements showed elevated growth hormone (14.7 ng/mL)
and beta hydroxybutyrate (2.63 mmol/L), and normal plasma amino
acids.

Outpatient follow up with genetics resulted in exome sequencing at
17 months-of-age with samples from both parents used for variant
segregation analysis. Exome sequencing identified a hemizygous
maternally inherited variant of uncertain significance (VUS) in GK
(hg19;chrX:30739017C > T, NM_001205019.1:c.1406C > T, p.
Ala469Val in exon 18). No other causative variant(s) in disease genes
related to our patient’s phenotype were identified. Family history was
noted for a full brother who died at 32 weeks gestational age and a half-
brother sharing mother with apparent “sugar” issues, not otherwise
specified, and maternal grandmother with two early spontaneous
abortions. Segregation of GK variant in the half-brother was not
evaluated.

3. Discussion

Here we present an interesting case of X-linked GKD due to a
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previously unknown genetic variation of GK in a patient with hepato-
blastoma. Exome sequencing identified a hemizygous GK c.1406C > T;
p-Ala469Val variant in our proband that was maternally inherited and
classified as VUS. Multiple bioinformatic tools [SIFT, MutationTaster,
LRT, DANN (score of 0.999) and REVEL (score of 0.954)] predicts this
Ala to Val amino acid replacement would be damaging and the Ala469
residue is highly conserved across the vertebrate species examined. This
previously undescribed variant is absent in ClinVar and from the gno-
mAD population dataset (0 of approximately 182,500 alleles). Based on
the American College of Medical Genetics and Genomics (ACMG)
guidelines for variant classification [8], this variant holds only one
moderate (PM2) and two supporting (PP3 and PP4) phenotype-based
criteria and would not make the cutoff for reclassification as likely
pathogenic because a minimum of four supporting criteria are needed.
However, we strongly postulate that this variant explains this patient’s
clinical GKD diagnosis with his constellation of feeding intolerance,
gastroesophageal reflux disease, and hypoglycemia along with signifi-
cant elevation of urinary glycerol on multiple urinary organic acids
analyses. This variant has not been reported in an individual affected
with a GK-related disorder. Furthermore, GK variants and GKD associ-
ation with hepatoblastoma have not previously been reported.

Genetic predisposition to hepatoblastoma, hepatocellular adenoma,
and hepatocellular carcinoma have been noted in inborn errors of
metabolism (IEM) like GSD, urea cycle disorders such as ornithine
transcarbamylase, argininosuccinic acid lyase, arginase, and citrin de-
ficiencies, dysregulations of methionine adenosyltransferases, and he-
reditary tyrosinemia type 1, but not with GKD [5-7,9-16]. The
pathogenesis of the rare association of hepatoblastoma and hepatocel-
lular carcinoma with GSD and other IEM is not well understood. Pre-
vious suggested mechanisms include glucose/insulin imbalance, cellular
glycogen imbalance, autophagy impairment, inflammation activation,
proto-oncogene activation and activation of multiple tumor-promoting
pathways, exposure to toxic metabolites such as argininosuccinic acid
and/or arginine, and/or impairment of the glutathione metabolism (the
major antioxidant in the liver) [17-22]. To our knowledge, this is the
first report of hepatoblastoma and GKD occurring together. The possi-
bility of dual unrelated diagnoses in our patient cannot be excluded. The
hepatoblastoma could be unrelated to the patient’s GKD, although his
clinical course may have been complicated by the GKD diagnosis.
However, further studies of this GK variant (Ala469Val) using in vivo and
ex vivo models could delineate the downstream effects of this variant
with impact on downstream signaling, impairment of autophagy, acti-
vation of tumor-promoting pathways, and/or impairment of glutathione
metabolism, thus providing insight as to whether disruption of any such
process(es) may have contributed to this patient’s hepatoblastoma.

Table 1
Summary of relevant labs on patient with hepatoblastoma and glycerol kinase deficiency.
Age (mo) Clinical course AFP (ng/mL) Serum Glucose (mg/dL) Insulin (pIU/mL) Cortisol (pg/dL) GH (ng/mL) BOHB (mmol/L) UOA
9 Pre-chemo 61,283 101 - - — _ _
10 Chemotherapy 13,168 87 - - - — -
12 Post-chemo 12,867 79 - - - _ _
13 Post-chemo - 85 - - _ _ _
13 Hepatectomy - 77 - - - - _
13 POD #2 — 45 (145 after IV dextrose) 2.8 33 29.8 0.70 SEG
14 Post-Surgery 971 83 - - - - SEG
14.5 Post-Surgery 112 71 - - - - _
17 Post-surgery - 41 (diag fast) 2.0 16 1.3 2.12 -
17 Post-surgery - 32-47 (after glucagon) - - 14.7 2.63 -
20 Post-surgery 11 97 - - - — _
23 Post-surgery 8 95 - - - - —
26 Post-surgery 6 80 - - - - _

Abbreviations: AFP, alpha fetoprotein; BOHB, beta-hydroxybutyrate; chemo, chemotherapy; diag fast, diagnostic fasting study; GH, growth hormone; IV, intravenous;
mo, month; POD, post-op day; ref., reference; SEG, significantly elevated glycerol; and UOA, urine organic acids. Dash implies, not done.
Reference ranges: AFP, ref. < 20 ng/mL; serum glucose, ref. 70-126 mg/dL; insulin, ref. < 17.0 pIU/mL; cortisol, diurnal peak range 3-21 pg/dL; GH, ref. < 6 ng/mL;

and BOHB, ref. 0.02-0.27 mmol/L.
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