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Introduction

Metabolism of galactose 

Carbohydrates are the most common precursors of produc-
tion of the energy in the body. Among monosaccharides, only 
glucose is stored as glycogen in the liver and muscles [1]. Af-
ter glucose, galactose and fructose are used as an alternative 
sources of energy in the body. There is a small amount of ga-
lactose in the foods, whilst there is a bunch of galactose in the 
milk and dairy products in the form of lactose [2,3]. Lactose 
is hydrolyzed into glucose and galactose by lactase in the in-
testinal, afterwards, galactose is absorbed through a Sodium/
Glucose-galactose cotransporter (SGLT1) [1]. All enzymes which 
are involved in galactose metabolism are located in the liver. 
The pathway of galactose metabolism (Leloir pathway) in the 
liver is shown in figure 1.

Classification of galactosemia

Classic galactosemia or Type 1 (#230400), is due to Galac-
tose-1 phosphate uridyltransferase (GALT) deficiency which 
is the most common and most severe of galactosemia. Defi-
ciency of Galactose Kinase (GALK) leads to type II galactosemia 
(#230200) and finally, galactosemia type III (#230350) is caused 
by UDP-galactose-4-epimerase deficiency is more uncommon 
than the other variants. All disorders are inherited as an auto-
somal recessive pattern. GALE enzyme is responsible for two 
steps in the Leloir pathway of galactose metabolism: conver-
sion of UDP-galactose (UDP-gal) to UDP-glucose (UDP-glc) and 
formation of UDP-N-acetylgalactosamine (UDP-galNAc) from 
UDP-N-acetylglucosamine (UDP-glcNAc) [1,4].
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Prevalence and clinical manifestations of epimerase defi-
ciency galactosemia

The exact prevalence the galactosemia type III has unknown 
yet but epimerase deficiency galactosemia found by newborn 
screening is nearly 1:6,700 in African American infants and 
about 1:70,000 the US infants of European ancestry [5,6-21]. 
Clinical manifestations of GALE deficiency are divided into three 
categories: The generalized form of GALE deficiency is very rare 
and symptoms are very severe resembling classic galactosemia. 
Patients with an intermediate form of epimerase deficiency 
galactosemia are at risk for long-term complications such as 
vomiting, hypoglycemia, seizure, learning disability, and cata-
racts. Peripheral or benign epimerase deficiency galactosemia 
is restricted to red and white blood cells and the majority of 
patients are asymptomatic.

Laboratory findings of epimerase deficiency galactosemia

Similar to classic galactosemia the level of galactose, galacti-
tol, Gal-1P, and UDPgal in blood are elevated in the epimerase 
deficiency but GULT activity is normal. The high level of total 
galactose (galactose and galactose-1-phosphate) is detectable 
through newborn screening. Molecular analysis or enzyme ac-
tivity in the first trimester of pregnancy by chorionic villus bi-
opsy is recommended in families with a similar disease in other 
siblings.

Treatment of galactosemia

The mainstay of treatment for all types of galactosemia is 
the galactose restriction diet but isolated peripheral GALE defi-
ciency does not require galactose restriction. Galactose should 
be eliminated from the diet as soon as galactosemia is suspect-
ed. In infants a soy-based formula such as ProSobee, Nursoy, 
Alsoy and Isomil are appropriate. Similar to patients with classic 
galactosemia, patients with generalized epimerase deficiency 
respond well to dietary restriction of galactose, which prevents 
the potentially lethal acute symptoms, although long-term 
complications may persist [2,22-29].

Clinical report 

A 12-year-old male who referred to a Gastroenterology clinic 
because of scleral icterus at the age of 9 years old. He is the 
first child from consanguine parents. By the age of nine, he was 
perfectly healthy but his parents noticed icterus in his child’s 
eyes. At that time physical examinations were normal expect 
scleral icterus and on the laboratory tests, he had hyperbilirubi-
nemia [total bilirubin: 3.4 mg/dl (normal: 0.3-1.2 mg/dl), direct 
bilirubin: 0.51 mg/dl (normal: 0-0.5 mg/dl)], but liver transami-
nases were normal. Gilbert syndrome has been diagnosed by a 
gastroenterologist. During periodic monitoring for icterus, pan-
cytopenia [WBC count: 3.39 × 103/ µL (normal: 6-10 × 103/ µL), 
hemoglobin: 9.4 gr/dl (normal: 11.5-15.5 gr/dl), platelet: 90 × 
103/ µL (normal: 170-450 × 103/ µL)] was revealed. Other tests 
including; G6PD, Alkp, LDH, HBS Ag, HCV Ab, HIV PCR, direct and 
indirect coombs, serum amino acids profile, and alpha-fetopro-
tein, were normal. Pelvic and abdomen Solography imaging and 
bone marrow aspiration/biopsy were normal. Whole exome se-
quencing for more evaluation of pancytopenia and icterus was 
performed and GALE deficiency appeared. According to this di-
agnosis, serum galactose, and galactose-1-phosphate level was 

assessed, and all completely were normal. His patient’s sister, 
mother, and father were assessed. Her sister had just throm-
bocytopenia at the age of 3 years old; platelet: 126000, but 
RBC and WBC count and Hb were normal. After 6 months she 
experienced leukopenia (WBC = 3800 × 103/ µL), thrombocy-
topenia (platelet = 108000 × 103/ µL) and anemia (Hb = 9.6 gr/
dl). As his brother, the liver transaminases, and serum galactose 
galactose-1-phosphate were normal. Despite normal serum 
galactose and galactose-1-phosphate level, an experimental ga-
lactose restriction diet was started for them but WBC, RBC and 
platelet count, serum Hb level did not change after one year, 
therefore the galactose-free diet was discontinued. During the 
follow-up of patients, after two months of discontinuation of 
the galactose-free diet, pancytopenia became more severe and 
we had to continue their diet. The boy developed splenomegaly 
after two years of monitoring, which seems to be caused by 
compensatory extra medullary hematopoiesis.

Genetic investigations 

Genetic counseling and pedigree drawing were done in the 
affected families. DNA was extracted according to standard 
protocols. Whole exome sequencing (WES) was performed to 
find the causal variants. The coding region’s enrichment was 
performed by the Twist Human Core Exome Kit. Sequencing 
was done on the Illumina (NovaSeq™6000 Sequencing System 
platform) with an average coverage depth of about 100x. Bioin-
formatics analysis was applied according to standard pipelines 
described elsewhere [10]. Briefly, quality control of the reads 
was done using the FastQC tool (version 0.11.9) [11]. The reads 
were aligned to the reference genome of humans (GRCh38/
hg38) using the Bowtie2 (Version 2.4.0) aligning tool [12]. 
Picard was used to convert SAM files to BAM (Binary Alignment 
Map) files [13]. The genome analysis toolkit (GATK) was used 
for local realignment of insertion/deletion (indels) [14]. wAN-
NOVAR (http://wannovar.wglab.org/) was applied for annotat-
ing the variants [15]. Variants with a minor allele frequency 
(MAF) of more than 1% were removed. The following databases 
were used to compare the variants: Exome Sequencing Project 
6500 (http://evs.gs.washington.edu/EVS/), the Exome Aggrega-
tion Database (http://exomad.broadinstitute.org/), the Exome 
Aggregation Consortium database (http://exac.broadinstitute.
org) and the Greater Middle East Variome Project (http://igm.
ucsd.edu/gme/). Other available software tools applied to pre-
dicting the pathogenicity of the variant were as follows Sorting 
Intolerant From Tolerant (https://sift.bii.a-star.edu.sg) and Poly-
Phen-2 (http://genetics.bwh. harvard.edu/pph2/index.shtml). 
Moreover, this variant had a Combined Annotation Dependent 
Depletion (CADD) score of 23 (https://cadd.gs.washington.edu) 
that is highly pathogenic. WES of the patient and his younger sis-
ter showed a homozygous mutation in GALE (NM_001127621; 
exon 1: c.1002G > T) coding for UDP-Galactose-4-Epimerase. 
This mutation causes a missense amino acid change at highly 
conserved codon 334 (p.W334C). This mutation has not been 
reported in the Human Gene Mutation Database (http://www.
hgmd.cf.ac.uk/ac/all.php) and ClinVar Miner (https://clinvar-
miner.genetics.utah.edu). The parents were heterozygous for 
the same (Figure 2).

Discussion 

The first case of GALE deficiency was reported through new-
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Figure 1: Galactose metabolism pathway. 1: aldose reductase; 2: galactose dehydrogenase; 3: galactokinase; 
4: galactose-1-phosphate uridyltransferase; 5: UDP-galactose 4`-epimerase; 6: phosphoglucomutase; Gal-
1-p: galactose-1-phosphate; Glu-1-p: glucose-1-phosphate; UDP: uridyldiphosphate; 

Figure 2: Electropherograms of the patient and his parents. The patient is homozygote at positions c.1000G 
> T in GALE gene causing Trp to Cys at protein level.

born screening [1]. UDP-galactose-4-epimerase encodes by 
GALE enzyme, which is essential to galactose metabolism/pro-
duction and glycosylation of proteins and lipids [2,3]. Since 1972 
till now, about 150 patients of galactosemia type III with differ-
ent clinical manifestations based on the severity of epimerase 
deficiency and through newborn screening (about 92 patients) 
have been reported in the worldwide [2,4,6-39]. Benign variant 
of GALE deficiency restricted to peripheral red and white blood 
cells but the generalized variant is very rare resulting from GALE 
deficiency in many tissues [1,2]. Inadequate GALE activity leads 
to defect of glycosylation that effect on hematopoiesis process-
es. Glycosylation of the proteins and lipids for hematopoiesis 
and platelet synthesis and development are highlighted by some 
studies. On the other hand, sialylated N-acetyllactosamine (Lac-
NAc) with glycosylation products control synthesis of hepatic 
thrombopoietin factors and platelet longevity [7,40]. There are 
some reactions thorough acetyllactosamine synthesis pathway 
that one of them catalyzed by GALE [8]. As our patients, two 
patients with pancytopenia has been reported by Rebecca et al. 
and Febres-Aldana et al. In addition to pancytopenia, the for-
mer patient suffered from an immunodeficiency and the later 
patient from an atrioventricular valve malformation [9,10]. Ro-
soff, et al have reported a patient with severe thrombocytope-
nia, febrile neutropenia and intermittent anemia. In addition, 
their patient had mild galactosemia and lack of GALE activity in 
the in the red blood cell [11]. Aaron Seo et al reported six indi-
viduals from a consanguineous kindred with severe thrombocy-
topenia and intracranial bleeding [7]. All these reports pointed 
to importance of GALE for differentiation and development of 

some cell lines in the bone marrow. Phenotypic heterogene-
ity is due to expression of the GALE enzyme in different tissues 
and allelic heterogeneity are associated with wide range phe-
notypes [13,14]. Up now, 29 Missense/nonsense mutations at 
the GALE gene has been reported in the literatures http://www.
hgmd.cf.ac.uk/ac/all.php). Some variants such as homozygous 
p.V94M mutation associated with severe enzyme defect that 
leads to severe phenotype [15]. Even though the GALE geno-
type/phenotype relationship have not been reported yet, but 
reviewing of studies suggested that those patients who carry 
two pathogenic alleles p.V94M of GALE (at least 5% residual ac-
tivity) had the more severe and generalized form of epimerase 
deficiency [15], while the missense GALE mutations p.T150M, 
p.P293L, p.G319E, p.S81R, p.K161N, p.D175N and p.K257R 
related to partial defect of GALE activity (15-64%), are associ-
ated with asymptomatic or peripheral presentation [5,16,17]. 
Our patients who presented as icterus and pancytopenia, had 
homozygous variant with uncertain significant allele at position 
c.1002G > T in GALE gene which is associated to amino acid 
change at highly conserved codon 334 (p.W334C) at protein 
level. By reviewing the articles and patients, it may be hypoth-
esized that mutations p.R51W, c.449C > T, and p.R51W/p.G237 
in the GALE gene may be involved in platelet biogenesis and 
hematopoiesis through glycosylation in the bone marrow but 
confirmation of this hypothesis need to further studies. Assum-
ing that the enzyme is involved in glycolysis, some treatment 
options can be considered. Although galactose supplementa-
tion need for rehabilitation biosynthesis of UDP-galNAc and gal-
NAc-bearing glycans in GALE null cells but other individuals may 
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benefit from galactose supplement, instead of a restricted diet 
[18,19]. As our patient, other reports have not shown ameliora-
tion of hematologic changes after galactose restrictions diet but 
bone marrow transplantation can be effective [20].

Conclusion

In conclusion, growing newborn screening programs and 
whole exome sequencing study as a confirmation test, has 
opened a new window for the early diagnosis and treatment 
of GALE deficiency galactosemia. Therefore, more research is 
needed to determine the organs and bone marrow involvement 
related to GALE deficiency. 
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