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Abstract
Classic galactosemia is an autosomic recessive disorder that leads to increasegalactose 1 phosphate and galactitol 
intracellular levels; with clinical manifestations that arise from the ingestion of galactose from the diet but can be 
reverted when restricted. Yet about 90% of the patients develop neurological complications. Because of that we 
evaluate the impact of the diet on the generation of such complications, like the strict galactose restriction and the 
glycosilation impairment, galactosemia and social interactions as factors that influence neurodevelopment, oxidative 
stress secondary to galactosemia and its influence on neuroinflamation, epigenetics modifications secondary to the 
diet and the social interactions and other causes that can affect neurodevelopment on galactosemia.

Keywords: Galactosemia, galactose, lactose-galactose restriction 
diet.

Background
Classic galactosemia (OMIM 230400) is an autosomic recessive 
disorder resulting from the decreased activity of Galactose 
1-phosphate uridylyltransferese enzyme (GALT), leading to 
increasing galactose 1 phosphate and galactitol intracellular levels.  
Clinical manifestations arise from the ingestion of lactose-galactose, 
can be reverted when restricted; yet chronic neurological symptoms 
are present nearly in 90% of the galactosemia population [1,2].

Speech disorders are classified in childhood apraxia of speech, 
dysarthria or not specified motor-speech disorder, motor disorders 
or cognitive impairment [2,3]. Speech and motor disorders have a 
higher frequency of co-existing than in normal infants with only 
speech disorders; although not present a proper motor disorder the 
children with classic galactosemia that develop childhood apraxia 
of speech have poorer hand dexterity and coordination [3].

Classic galactosemia patients have impaired language secondary 
to decreased conceptualization at the early phase of syntactic 
processing, less efficient syntactic planning, increase time and 
word usage to express themselves, causing decreased language 
comprehension, interpretation and manipulation what they are 
taught; a posterior delay on attaining the literacy skills necessary 
to achieve a proper academic outcome, and a cause for the observed 
cognitive impairment [4,5].

Prenatal exposure to galactose 1-phosphate instead of post-natal 
milk days the infant has been exposed is linked to increased risk of 

diverse neurological complications [3].

Treatment and its impact
Galactosemia treatment is a galactose-restricted diet where dairy 
products are restricted and galactose content (galactose content 
below 25mg/100g) determine the type of food ingested with the 
objective of maintaining galactose 1-phosphate levels below 5 mg/dl, 
is started with the suspicion of the disease and no diagnose or when 
diagnosed by newborn screening or prenatally. Treatment prevents 
the appearance of cataracts, liver and renal failure and growth delay, 
yet more than 90 percentages of the galactosemia patients present 
with neuro-developmental delay symptoms and if women will 
present with hypergonadotrophichypogonadism [2,3,6,7].

It has been suggested that after infancy increasing the amount of 
galactose a patient ingest does not cause an adverse outcome on the 
patient and could probably decrease long-term complications [8].

Neuroimaging findings and complications
White matter synthesis is declined because of impaired synthesis of 
galactocerebrosides, altering diverse the corpus callosum and diverse 
tracts such as arcuate, inferior longitudinal and superior longitudinal 
fasciculus that is responsible for language processing functions and 
would explain the presence of speech disorders and cortico-spinal 
tracts explaining motor disturbances [9,10]. Cerebellar atrophy has 
been observed in patients with co-occurrence of motor and speech 
disorders yet that finding is not very common [3,10].

Neuroimaging in galactosemia is not recommended unless a proper 
neurological symptom is present (motor disturbance, seizures), and 
findings are not present in most of the patients [2,10].
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Glycosylation impairment
An over restricted galactose diet impairs myelin synthesis secondary 
to a deficit of galactolipids (galactocerebrosides) and glycoproteins, 
that is hypoglycosilated because of increased production of non-
galactosylated or mono-galactosylated proteins [4,9,11-13]. It 
has been observed In Vivo that the increased levels of galactose 
1-phosphate inhibit glucose pyrophosphorylase reducing UDP-
glucose/galactose and responsible for impaired glycosylation of 
proteins and lipids, such problems are different between individual, 
because the activation of secondary pathways to metabolize galactose 
can be epigenetic regulated and depend on the individual’s genetic 
characteristics [9,12].

Epigenetics and Galactosemia
Epigenetic modifications originate from external factors such as 
maternal care observed on the infant by the quality of care needed 
that could or could not be given by the caregiver causing changes on 
cortical thickness mainly on the prefrontal area and diet properties, 
as the infant requires a specific lactose-galactose restriction diet 
that would impact on the production of intestinal neurotransmissors 
responsible for epigenetic modifications [2,14-16].

Early life stressors influence white matter development, therefore 
affect IQ scores, attachment, EEG activity, executive functions on 
the infant; patients with Galactosemia report with lower levels on 
quality of life questionnaires and characterize the disease as an 
stressor [2,15].

Oxidative Stress in Galactosemia
Increased levels of galactose cause NADPH oxidase impairment 
decrease activity of Glutathione Peroxidase facilitating an increase 
oxidative stress on the host [17]. 

Reactive Oxygen Species (ROS) and other free radicals inhibit Golgi 
derived vesicles that carry proteins in charged of axonal integrity 
a decrease mitochondrial production of ATP leading to posterior 
axonal degeneration and neuroinflammation, activate microglia 
leading to a neuro-immune active state and cause dopaminergic 
neurotoxicity [18, 19].

Other causes of the complications
Presynaptic dopaminergic neuronal degeneration has been associated 
with the development of tremor or movement disorders; such findings 
can be related or not to anatomic MRI findings [20]. There is a need 
to determine if the degeneration is directly related to the disease or 
can be an outcome related to the oxidative stress and dopaminergic 
neurotoxicity.

Winter et al observed a patient with galactosemia that develops severe 
neurologic deterioration during a sepsis infection with the Ashkenazi 
Jews 5.5kb GALT gene mutation, asides from causing diminish GALT 
synthesis impaired receptors of interleukin 11a generating neuronal 
inflammation and toxicity when an infection occurs [21]. This patients 
presented with a severe infectious disease so it can be theorized that 
asides from the interleukin toxicity there could be a severe impairment 
on the immune response secondary to the NADPH oxidase impairment 
that leads to the severe infectious disease.

Conclusion: Over restricted diet or not
The treatment goal to maintain galactose 1-phosphate levels below 
5 mg/dl with food containing with galactose content of less than 

25 mg/100 gr is the backbone of the over restricted diet but is 
responsible for the impaired glycosylation of proteins leading to 
decreased white matter synthesis and the posterior neurological 
symptoms; and increased levels of galactose 1-phosphate are prone 
to induce oxidative stress and caused neurotoxicity [2-4,11-13,17-
19]. 

Because of that, increasing the levels of galactose on children above 
the age of 5 has been proposed to decreased the long-term outcomes 
with positive effects, what is needed is to determine what would be 
the threshold for galactose levels in such population that does not 
induce oxidative stress nor limits the glycosylation of proteins [8].

Reference
1. Jumbo-Lucioni PP, Garber K, Kiel J, Baric I, Berry GT, et 

al. (2012) Diversity of approaches to classic galactosemia 
around the world: a comparison of diagnosis, intervention, and 
outcomes. Journal of InheritedMetabolicDisease 35: 1037-1049. 

2. On behalf of the Galactosemia Network (GalNet), Welling L, 
Bernstein LE, Berry GT, Burlina AB, Eyskens F, et al. (2017) 
International clinical guideline for the management of classical 
galactosemia: diagnosis, treatment, and follow-up. Journal of 
Inherited Metabolic Disease 40: 171-176. 

3. Potter NL, Nievergelt Y, Shriberg LD (2012) Motor and Speech 
Disorders in Classic Galactosemia. JIMD Reports. 11: 31-41. 

4. Lewis FM, Coman DJ, Syrmis M, Kilcoyne S, Murdoch BE 
(2012) Differential Phonological Awareness Skills in Children 
with Classic Galactosemia: A Descriptive Study of Four Cases. 
JIMD Reports 10: 45-52. 

5. Timmers I, Jansma BM, Rubio-Gozalbo ME (2012) From Mind 
to Mouth: Event Related Potentials of Sentence Production in 
Classic Galactosemia. Paterson K, editor. PLoS ONE 7: e52826. 

6. Varela L, Paz L, Atienza G (2014) Cribado neonatal de la 
Galactosemia clásica. Revisión sistemática. Informes de 
evaluación de tecnológias sanitarias. Madrid: Ministerio de 
Sanidad, Servicios Sociales e igualdad. 

7. Kerckhove KV, Diels M, Vanhaesebrouck S, Luyten K, Pyck 
N, et al. (2015) Consensus on the guidelines for the dietary 
management of classical galactosemia. Clinical Nutrition 
ESPEN 10: e1-4.

8. Knerr I, Coss KP, Kratzsch J, Crushell E, Clark A, et al. 
(2015) Effects of temporary low-dose galactose supplements 
in children aged 5-12 y with classical galactosemia: a pilot 
study. PediatricResearch 78: 272-279.

9. Tang M, Odejinmi SI, Vankayalapati H, Wierenga KJ, Lai K 
(2012) Innovative therapy for Classic Galactosemia – Tale of 
two HTS. Molecular Genetics and Metabolism 105: 44-55. 

10. Timmers I, Zhang H, Bastiani M, Jansma BM, Roebroeck A, 
et al. (2015) White matter microstructure pathology in classic 
galactosemia revealed by neurite orientation dispersion and 
density imaging. Journal of Inherited Metabolic Disease 38: 
295-304.

11. Coman DJ, Murray DW, Byrne JC, Rudd PM, Bagaglia PM, et 
al. (2010) Galactosemia, a single gene disorder with epigenetic 
consequences. Pediatric research 67: 286-292. 

12. Maratha A, Colhoun H-O, Knerr I, Coss KP, Doran P, et al. 
(2016) Classical Galactosaemia and CDG, the N-Glycosylation 
Interface. A Review JIMD Reports 34: 33-42. 

13. Maratha A, Stockmann H, Coss KP, Rubio-Gozalbo ME, Knerr 
I, et al. (2016) Classical galactosaemia: novel insights in IgG 
N-glycosylation and N-glycan biosynthesis. EuropeanJournal 

Adv Neur Neur Sci, 2018



Volume 1 | Issue 1 | 3 of 3

of Human Genetics 24: 976-984.
14. Roth TL, David Sweatt J (2011) Annual Research Review: 

Epigenetic mechanisms and environmental shaping of the 
brain during sensitive periods of development: Epigenetic 
mechanisms and environmental shaping of the brain. Journal 
of Child Psychology and Psychiatry 52: 398-408.

15. Cameron JL, Eagleson KL, Fox NA, Hensch TK, Levitt P (2017) 
Social Origins of Developmental Risk for Mental and Physical 
Illness. Journal of Neuroscience 37: 10783-10791.

16. Bourassa MW, Alim I, Bultman SJ, Ratan RR (2016) Butyrate, 
neuroepigenetics and the gut microbiome: Can a high fiber diet 
improve brain health? NeurosciLett 625: 56-63.

17. Al-Essa M, Dhaunsi GS, Al-Qabandi W, Khan I (2013) Impaired 
NADPH oxidase activity in peripheral blood lymphocytes of 
galactosemia patients. Experimental Biology and Medicine 
238: 779-786. 

18. Fang C, Bourdette D, Banker G (2012) Oxidative stress inhibits 
axonal transport: implications for neurodegenerative diseases. 
Molecular neurodegeneration 7: 29.

19. Qin L, Liu Y, Hong J-S, Crews FT (2013) NADPH oxidase 
and aging drive microglial activation, oxidative stress, and 
dopaminergic neurodegeneration following systemic LPS 
administration: Oxidative Stress and Neurodegeneration. Glia 
61: 855-868. 

20. Poisson A, Roze E, Demily C, Thobois S (2017) Evidence 
for dopaminergic denervation in classical galactosemia: 
Parkinsonism in Galactosemia. Movement Disorders 32: 940-
942. 

21. Winter GN, Ben-Pazi H (2015) Neurologic Sequela in a Patient 
WithGalactosemia Potentially Mediated by Interleukin-11 
Dysfunction. Journal of Child Neurology 30: 922-926. 

Copyright: ©2018 Demian Arturo Herrera Morban. This is an open-access 
article distributed under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are credited.

Adv Neur Neur Sci, 2018


