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Abstract 

 
The hormone leptin is a polypeptide of 146 amino acids which is 

predominantly secreted by adipose tissue. Leptin has distinct effects 

on energy homeostasis, metabolism, neuroendocrine function and 
other systems through its interactive effects on the central nervous 

system (CNS) and peripheral tissues. It has a critical role on 

regulation of body weight, fat reserves and reproductive function. 

The leptin receptor (LepR, Ob-R) is expressed in different 
isoforms, with the main signaling carried out by its long 

glycosylated isoform, Ob-Rb. Soluble leptin receptor (sOb-R) 

represents the main binding protein for leptin in human blood and 
increases its bioavailability. There are numerous N-glycosylation 

sites which are of physiological relevance for receptor function. 

Galactose and other sugar moieties are physiologically relevant for 

glycosylation of complex molecules for a wide range of biological 
processes.  

This review considers how leptin signaling pathways are 

dysregulated in the rare inherited disorder of carbohydrate 
metabolism, Classical Galactosaemia. This disease is caused by 

profound deficiency of the enzyme galactose-1-phosphate 

uridyltransferase (GALT). Classical Galactosaemia may cause 
significant morbidity and even mortality in neonates and long-term 

complications later in life, including pubertal delay and primary 

ovarian insufficiency (POI). The immediate removal of galactose 

from the diet is lifesaving in affected infants. The pathophysiology 
of its long-term complications is incompletely understood. 

Underlying mechanisms comprise intoxication with galactose and 

its metabolites together with altered glycosylation pathways and 
disruption of signaling pathways. 

Here we discuss how interaction of leptin with the hypothalamic 

pituitary gonadal axis (HPG) and other circuits is potentially 
dysregulated in Classical Galactosaemia with clinical consequences 

for puberty and reproductive capacity, particularly in females. We 

have identified defective N-glycosylation as a major factor 

implicated in disrupted leptin-HPG signaling resulting from 
distorted receptor function. Finally, we speculate how leptin 

dysregulation may affect cognitive function and neuroprotection in 

patients with Classical Galactosaemia. 
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1. Introduction 

Leptin has been a fascinating topic in 

regulation of energy balance since its 

discovery more than 20 years ago (1). It is a 

metabolic and neuroendocrine hormone 

which exerts a variety of central and 

peripheral effects which play an important 

role in the regulation of body fat stores and 

fertility. However, leptin is not only 

important in the regulation of appetite and 

food intake along with energy expenditure, 

but also for sexual maturation and 

reproductive function (2, 3), immune 

response (4) and bone formation (5). 

Furthermore, leptin exerts numerous effects 

on different endocrine axes, mainly on the 

hypothalamic-pituitary-gonadal axis 

(HPG)/hypothalamic-pituitary-ovarian 

(HPO) axis, hypothalamic-pituitary-adrenal 

axis, and also on insulin action (6).  

Leptin is a non-glycosylated 146 amino acid 

polypeptide predominantly released by 

adipose tissue but also by the liver, kidneys 

and stomach (7). Under normal 

physiological function, circulating leptin is 

proportional to the amount of body fat 

present and acts as a vital signal to the brain 

regarding available energy for systematic 

processes (8). Individuals with 

hypoleptinaemia, who are suffering from 

reproductive complications, express 

phenotypes that are directly linked to leptin 

deficiency, such as hypothalamic 

amenorrhea or anorexia nervosa with 

delayed puberty and decreased bone density 

(9-11). Conversely, hyperleptinaemia is a 

commonly observed in obesity along with 

hyperinsulinaemia (12, 13).  

Given the essential role of leptin in the 

modulation of the HPG axis, pubertal 

development and fertility (14, 15), it is a 

subject of interest and clinical relevance for 

the inherited metabolic disorder Classical 

Galactosaemia.  Many patients with 

Classical Galactosaemia experience long-

term complications such as pubertal delay 

and female infertility due to premature 

ovarian insufficiency (POI) (16).  

The HPG is mainly driven by three leading 

sets of factors, the hypothalamic 

gonadotropin-releasing hormone (GnRH), 

pituitary gonadotropins luteinizing hormone 

(LH), follicle stimulating hormone (FSH) 

and steroidal/peptidergic gonadal hormones 

(17). These key elements are networked in a 

cross-talk web with internal and external 

cues which ensures that levels of hormone 

secretion and gonadal function are 

appropriate to environmental conditions and 

developmental stages (18). Normal 

physiological function of the HPG axis 

along with fertility is highly sensitive to 

body energy stores, particularly in females, 

as reproductive processes including 

pregnancy and lactation are highly energy 

demanding (19, 20). It is recognised that 

leptin has a crucial function in linking the 

magnitude of body fat stores to the 

reproductive axis with the influence of other 

neuroendocrine axes (19-21), and it has been 

well documented as an essential metabolic 

regulator of pubertal development and 

fertility via interaction with HPG 

components (19-23). It is suggested that 

leptin is a governing factor in the onset of 

puberty, although it is controversial whether 

leptin itself triggers puberty or attains a 

threshold blood concentration to allow 

puberty to occur (24-28). 

Expression of LepR gene (Ob-R) occurs in 

the brain, particularly in the hypothalamus, 

choroid plexus and hippocampus, but also in 

other tissues, including the gonads (29). 

Structurally, Ob-R can be classified as a 

class I cytokine receptor. Although several 

isoforms have been identified, only the 

longest isoform, Ob-Rb, has full 

intracellular signaling capability, including 

activation of the JAK-STAT signal 

transduction pathway (30) and PI3K 

activation (31). In the blood stream, the 

soluble isoform, sOb-R, is thought to 
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regulate free leptin concentration by 

modulating its release (32). 

The overarching aim of our studies and the 

main focus of this review are to focus on the 

leptin system in the context of the largely 

enigmatic pathophysiology of long-term 

complications of Classical Galactosaemia 

which is a challenging hereditary metabolic 

disorder. This review attempts to correlate 

the activity of leptin and its binding protein 

sOb-R with clinical complications seen in 

Classical Galactosaemia, with a particular 

focus on its potential relationship with 

reproductive complications, such as POI 

which commonly occurs in these patients. 

 

2. Classical Galactosaemia – A metabolic 

disorder with a spectrum of complications 

Classical Galactosaemia is a rare inborn 

disorder of carbohydrate metabolism 

(OMIM 230400). It is caused by mutations 

in the GALT gene and inherited autosomal 

recessively.  Affected newborns typically 

develop symptoms soon after feeding, i.e. 

galactose/lactose intake, including liver 

failure, sepsis, brain damage, cataracts or 

even death.  Immediate restriction of dietary 

galactose/lactose rescues the neonatal 

phenotype. However, a majority of patients 

develop long-term complications despite 

early diagnosis on newborn screening and 

strict life-long galactose/lactose-restricted 

diet (33, 34). Among these complications 

are developmental and pubertal delay, 

speech difficulties, language delay, and 

cognitive and/or behavioral impairment, 

neurological symptoms such as ataxia or 

tremor, growth retardation, low bone mass, 

and POI in females (16, 35). The 

pathophysiology of these long-term 

complications is multifactorial and largely 

enigmatic (36). It comprises of toxic build-

up of galactose and its metabolites 

galactose-1-phosphate and galactitol, altered 

glycoprotein and glycolipid production, 

gene dysregulation and associated disruption 

of cell signaling pathways (36, 37). 

Although it is well-known that females with 

Classical Galactosaemia have a high risk of 

hypergonadotropic hypogonadism along 

with infertility as a diet-independent 

complication of the disease, the underlying 

mechanisms for POI in affected patients 

remains incompletely understood (38, 39).  

We have recently described systemic N-

glycan processing defects along with the 

potential use of IgG N-glycans as biomarker 

in this disease (37). As aetiology and timing 

of POI as well as other long-term 

complications are not yet clear, the need for 

more accurate diagnostic biomarkers in this 

cohort arises, including, for example, 

correlating findings on the leptin system and 

glycosylation profiles with hormonal status, 

pubertal development and fertility. 

 

3. Leptin, its actions on the 

neuroendocrine reproductive axis and 

role in fertility  
Leptin has emerged as unpredictable in the 

way it links body energy reserves to normal 

physiological functions. Studies have shown 

a steady increase of leptin in girls during 

puberty (3, 40) which is less pronounced in 

boys but also in male rhesus monkeys (40, 

41). In fact, boys experience a rise in leptin 

serum concentrations during early puberty 

flowed by a decline of leptin levels in late 

puberty (3, 42). At the same time, 

physiological leptin concentrations appear to 

be required for the functions of the male 

reproductive system (43). 

The hypothalamus is the primary location 

for leptin action in puberty and fertility (43, 

44), and along these lines, leptin is involved 

in releasing GnRH along with LH and FSH 

secretion (44). GnRH neurons are essential 

players in the neuroendocrine network that 

mediates sex steroid feedback and controls 

the gonadotropic system. However, they 

apparently lack the functional receptors for 

dominant regulators such as the oestrogen 
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receptor (45). In mice studies, it appears that 

while leptin injection causes a surge of 

gonadotropins, GnRH neurons do not 

directly respond to leptin injection. Further, 

while LepR is necessary for puberty and 

fertility, ablation of LepR in GnRH neurons 

does not alter their reproductive function 

(46). Conversely, cell culture studies with 

immortalized GnRH neurons show that 

LepR is expressed in GnRH neurons and 

that direct response to leptin is followed by 

detectable release of GnRH (47). However, 

the physiological relevance of these findings 

in humans and in human pathology is 

discussed.  

Among candidates for intermediate relay 

between leptin and GnRH neurons are 

neuronal populations expressing pro-

opiomelanocortin (POMC), and agouti-

related protein (AgRP)/neuropeptide Y 

(NPY) which are located in the 

hypothalamic arcuate nucleus (ARC). Both 

POMC and AgRP/NPY are key players in 

the modulation of energy balance and 

contain obvious populations of LepR 

expressing cells (30, 48). The product of 

POMC appears to electrically stimulate a 

subset of GnRH neurons and POMC 

neurons apparently form synapses with 

those expressing GnRH, with stimulatory 

effects on the gonadotropic axis (49, 50). 

Interestingly, deletion of LepR from POMC 

neurons in mice has no deleterious effect on 

reproduction (51). However, when both 

insulin and LepR were eliminated together 

in murine POMC neurons, females 

experience abnormal follicular tissue in the 

ovary along with fertility impairment and 

disruption of the oestrous cycle, while males 

also show subfertility (52).  

Data in mice has suggested that ARC AgRP 

neurons are also important components in 

the permissive effects of leptin on fertility, 

however, evidence from leptin knockout 

mice (ob/ob mice) suggests that AgRP, 

unopposed by leptin, can propel a negative 

signal towards the HPG axis (53). Coupled 

to this, NPY, which also released from 

AgRP neurons, may similarly drive a 

negative effect on the HPG in a murine 

model (54).  

Another interesting candidate of metabolic 

interplay between leptin and GnRH neurons 

is Kisspeptin, a protein which is encoded by 

the KISS1 gene. Kisspeptins have been 

described as key players in puberty, 

reproduction, and control of the HPG axis 

and have been documented as stimulators of 

GnRH in this regard (30, 55-58). Kiss1 

neurons in the hypothalamic ARC express 

leptin mRNA, however, leptin signaling in 

Kiss1 neurons mainly occurs after 

completion of sexual maturation (59, 60). 

Interestingly, in the ewe model of low body 

weight on dietary restriction, leptin infusion 

partially restored the level of  KISS1 gene 

expression (61). Essentially, hypothalamic 

kisspeptin neurons respond to leptin, and 

gene expression of KISS1 is affected by 

leptin status (61). Taken together, kisspeptin 

cells, NPY and POMC neurons substantially 

contribute to brain control of reproduction 

and metabolic homoeostasis. 

In females with Classical Galactosaemia, 

hypogonadism along with decreased fertility 

is a frequent complication. In addition to 

POI, central dysregulation may also 

contribute to the underlying 

pathophysiology (33). The potential 

dysregulation of signaling pathways in 

Classical Galactosaemia is summarized in 

Figure 1.  

It has been reported that some affected 

women with Classical Galactosaemia 

became pregnant spontaneously (62). 

Fluctuating POI can make predictions and 

fertility counseling of females with Classical 

Galactosaemia challenging (62). However, 

the majority of female patients, e.g., 91 % of 

female patients over 13 years in Ireland, 

suffer from hypergonadotropic 

hypogonadism (35). Hypogonadism due to 
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POI can be detected by ovarian imaging 

along with measuring FSH, LH, oestradiol 

and anti-Müllerian hormone (AMH) in the 

blood, however, given the inactivity of the 

HPO axis in childhood these markers may 

not be sensitive enough to identify ovarian 

dysfunction in a presymptomatic state. 

Therefore, there is a need for improved 

methods of monitoring of galactosaemic 

patients with regard to long-term outcome, 

including more informative biomarkers such 

as the leptin system, for example, along with 

translation into validated clinical practice.  

 

4. Glycosylation biomarkers in Classical 

Galactosaemia 

Glycosylation, the enzymatic attachment of 

glucose, galactose or other sugar moieties to 

specific protein residues, is a common post‐
translational modification of proteins. It has 

a great impact on protein structure and 

function, and carbohydrate–protein 

interactions are involved in many biological 

processes. Deregulation or altered 

glycosylation is associated with a wide 

range of diseases (33). We have 

hypothesized that long-term dietary over-

restriction of galactose, an essential 

evolutionary conserved carbohydrate, may 

also have a role to play in the 

pathophysiology of long-term complications 

in Classical Galactosaemia. In this context, 

we have previously described glycosylation 

pattern given as galactose incorporation 

ratios as a novel method of studying the 

presence of N-glycan processing defects in 

children with Classical Galactosaemia (37). 

We aimed at establishing if Classical 

Galactosaemia is a modifiable multi-

systemic glycosylation defect in children on 

dietetic treatment. We, therefore, designed a 

pilot study in children with Classical 

Galactosaemia aged 5-12 years on a lactose-

free diet (34). In the clinical setting, we 

provided temporary low-dose oral galactose 

supplements by using limited quantities of 

cow’s milk. We assessed, firstly, tolerance 

and safety of temporary low-dose galactose 

supplementation, and, secondly, potential 

biochemical and endocrine markers as 

prognostic indices in these patients. We 

tested thirteen affected children on 300 mg 

of galactose/day which was then followed 

by 500 mg for 2 weeks each and compared 

their data with 13 matched patient controls. 

Galactose supplements were given with 

breakfast and well tolerated. We observed 

no clinical changes in the galactose 

supplementation group after 2 weeks of 300 

mg of galactose intake and after 2 

subsequent weeks of 500 mg of galactose 

and at the end of the study. In the galactose 

supplementation group, sOb-R 

concentrations in the blood at 500 mg of 

galactose supplementation were slightly 

higher than at 300 mg of galactose 

supplementation. As a trend, patients in the 

galactose supplementation group also had 

slightly higher sOb-R levels at the end of the 

study than patient controls without galactose 

supplements. Conversely, we found no 

significant changes in sOb-R serum levels 

for our patient controls in the course of the 

study. We then investigated individual 

glycosylation patterns, focusing on IgG N-

glycans profiles in serum, and, in particular, 

the ratio of agalactosylated (G0) to 

digalactosylated (G2) N-glycans as 

previously described in detail (34). Within 

the galactose supplementation group (n=13) 

we identified 6 individuals (46%) as 

‘responders’ with a decrease in the G0/G2 

ratio, i.e. higher amounts of relative 

digalactosylated structures as a quantitative 

measure of galactose incorporation into 

glycoproteins. Conversely, in the patient 

control group there was only one patient 

(8%) with a spontaneous decrease in G0/G2 

ratio indicative of an improved 

glycosylation pattern over the course of the 

study. Altogether, we found that temporary 

low-dose galactose supplementation in 
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children with Classical Galactosaemia over 

5 years was well tolerated in the clinical 

setting. We observed changes in serum IgG 

N-glycosylation profile in the subgroup of 

‘responders’. There was a negative 

relationship between the IgG glycosylation 

ratio G0/G2 and serum sOb-R 

concentrations in the galactose 

supplementation group which may reflect an 

improved glycosylation pattern (34). 

In a separate project from this group 

focusing on a fibroblast model (33), LepR 

gene expression was increased in samples 

from patients with Classical Galactosaemia 

patients compared with unaffected control 

samples. In more detail, we measured the 

expression of LepR using a time-course 

assay in Classical Galactosaemia human 

dermal fibroblasts (HDF) versus Normal 

Human Dermal Fibroblasts (NHDF) ((33) 

and unpublished data). All cells were grown 

in galactose-free media, and gene expression 

was measured at 30 minutes, 1 hour, 2 hours 

and 4 hours of incubation with galactose. 

We observed a statistically significant 

change in a Galactosaemia cell-line at 30 

minutes, where expression was increased 

compared with baseline levels. As a trend 

expression of LepR increased at 1 and 2 

hours of incubation and subsequently 

decreased.  In addition to in vitro gene 

expression data, it is of interest to see that 

the leptin receptor is heavily glycosylated so 

that altered glycosylation could have further 

impact on leptin signaling in patients with 

Classical Galactosaemia. 

Essentially, other glycosylated proteins 

could be also affected in Classical 

Galactosaemia, including G-protein coupled 

receptors (GPCRs) which are extensively 

glycosylated. An aberration of N-

glycosylation in Classical Galactosaemia 

patients may contribute to disruption of 

receptor function. GnRH receptors are 

GPCRs (63), and in the pituitary, pulsatory 

doses of GnRH activate these GPCRs which 

stimulate downstream LH and FSH. It may 

be that Galactosaemia patients with defunct 

GnRH GPCRs from irregular N-

glycosylation experience pubertal delay and 

reproductive complications from 

inadequately stimulated LH and FSH release 

despite varied leptin signaling. 

Furthermore, glycosylated receptor Ob-R is, 

among others, expressed in the 

hippocampus, an area in the brain which is 

essential for learning and memory and LepR 

gene expression may related to learning 

performance and memory processing (64, 

65). In this context we propose that aberrant 

glycosylation of Ob-R, as well as other 

glycoproteins/receptors could be of 

particular relevance in patients with 

Classical Galactosaemia on a strict diet who 

experience significant long-term 

complications, such as learning difficulties, 

developmental delay, cognitive dysfunction, 

failure to thrive and growth faltering.  

 

5. Leptin in children and adults with 

Classical Galactosaemia 

We recently described a potential systemic 

dysregulation of the serum leptin system in 

children and adults with Classical 

Galactosaemia with a trend towards 

hypoleptinaemia (66). In more detail, we 

investigated 10 girls (age 0.6–17.9 years, 

mean 7.7 years) and 18 boys (age 0.5–16.7 

years, mean 7.6 years) with Classical 

Galactosaemia on a strict galactose-

restricted diet. We calculated standard 

deviation scores (SDS) for leptin serum 

concentrations to compare our paediatric 

cohort to the reference population. We 

found lower leptin levels and leptin-SDS in 

affected children compared to age-matched 

healthy controls (i.e., mean leptin-SDS -0.71 

for girls; -0.97 for boys compared with SDS 

0 for controls). As expected, girls had 

significantly higher serum leptin 

concentrations than boys in both children 

with Classical Galactosaemia and controls 
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(4.4 ± 4.1 ng/ml for affected girls versus 0.9 

± 0.5 for affected boys; and 8.1 ± 3.2 for 

female controls versus 2.1 ± 1.4 for male 

controls (66)). In age-related analysis, serum 

leptin levels did not correlate with age in the 

entire paediatric Classical Galactosaemia 

group or for gender comparisons. We also 

found no significant correlation between 

leptin and age when data of prepubertal boys 

with Classical Galactosaemia was tested 

separately to exclude effects of rising 

testosterone levels. Conversely, leptin was 

found positively correlated to age in our 

paediatric control group, i.e in our female 

paediatric controls and unaffected 

prepubertal boys. We then focused on the 

relationship between serum leptin and body 

mass index (BMI), a measure of body fat 

based on height and weight. In both 

paediatric cohorts, there was a significant 

linear relationship between log-leptin and 

BMI. In the same study (66), we also 

compiled data for adult patients with 

Classical Galactosaemia, 10 females (age 

19–37 years, mean 25.4 years) and 12 males 

(age 18–28 years, mean 22.4 years). Higher 

leptin levels, along with higher BMI, were 

found in women compared to girls with 

Galactosaemia, while lower leptin levels 

were found despite higher BMI in men 

compared to boys with Galactosaemia. 

Serum leptin concentrations and log-leptin 

in male adults were lower than in female 

adults in the Galactosaemia and controls 

(66). In female adults with Galactosaemia, 

BMI was strongly associated with log-leptin 

values and this was also found in healthy 

controls of both sexes.  Although serum 

leptin concentrations were within normal 

limits for women and men with 

Galactosaemia when adjusted for gender and 

BMI the association between log-leptin and 

BMI was no longer detectable in male 

patients and in the entire group of 

Galactosaemia adults.  

Potential dysregulation of serum leptin 

system in patients with Classical 

Galactosaemia may indicate a putative role 

for leptin/leptin receptor in the 

pathophysiology of long-term complications 

of this disease, including subfertility. It 

should be noted, however, that female 

subjects in this study (66) have been placed 

on hormone replacement therapy (HRT) as 

treatment for POI, obscuring any potential 

dysregulation of leptin system. Treatment 

with oestrogen in non-Galactosaemia 

individuals who had underwent bilateral 

ovariectomy for benign reasons showed a 

protective role of this hormone in preventing 

decrease in leptin concentrations  (67). It is 

of interest to see that leptin deficiency in 

mice is associated with impaired 

folliculogenesis and also increased follicular 

atresia (68). These findings are reminiscent 

of those seen in ovarian tissue from females 

with Classical Galactosaemia (39). 

Childhood and early puberty might be a 

particular vulnerable period in individuals at 

risk of decreased reproductive capacity, 

particularly in females with Classical 

Galactosaemia (38, 39). However, reduced 

leptin levels were also found in adolescent 

boys with constitutional delay of growth and 

puberty (69). Alterations in leptin system 

and its impact on the reproductive axis may 

help to explain delayed pubertal 

development in adolescent boys with 

Classical Galactosaemia and perhaps also 

cryptorchidism which has been described in 

some cases (70). 

Leptin dysregulation may play a role in the 

fertility issues associated with Classical 

Galactosaemia, particularly in females. 

Along these lines, we propose that leptin 

serum levels are valuable diagnostic 

parameters with regard to patients’ 

individual degree of altered hormonal status 

along with abnormal metabolism and 

clinical consequences, such as pubertal 

delay or infertility. We speculate that some 
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patients with Classical Galactosaemia can 

tolerate varying degrees of limited galactose 

intakes later in childhood as they may have 

the ability to utilize auxiliary pathways of 

galactose metabolism, and that sOb-R might 

be among the modifiable glycoproteins. 

However, it is important to emphasise that 

long-term elimination of dietary galactose is 

the only available treatment for patients with 

Galactosaemia at present and that it is life-

saving, especially in the neonate. 

 

6. Leptin and neuroprotection  

In addition to its key role in neuroendocrine 

pathways, leptin appears to exert further 

effects on the brain, including 

neuroplasticity and neuroprotection. 

Potential implications have been studied in 

number of clinical studies which support the 

concept of a pro-cognitive effect of leptin 

(71-72), potentially via activating AMP-

dependent kinase at a cellular level (73). In 

more detail, a study of leptin levels in the 

elderly, it was found that higher levels of 

serum leptin appear to protect individuals 

from cognitive decline, indicating a potential 

neuroprotective role for leptin in cognition 

during ageing (71). In a morbidly obese boy 

with primary leptin deficiency due to a 

leptin gene mutation (OMIM #614962),  

replacement with recombinant leptin 

improved his delayed cognitive development 

by age 7 years (72). Leptin replacement 

therapy is now well established in the 

treatment of genetic leptin deficiency and 

has demonstrated an excellent safety profile, 

even after prolonged treatments (72). In 

genetic leptin deficiency, treatment with 

recombinant leptin leads to marked weight 

loss, resolution of hypertension, 

dyslipidaemia and hyperinsulinaemia as well 

as improvement of neurocognitive profile in 

many neurocognitive domains (72). These 

findings indicate that leptin may have a 

cognitive enhancing role in the developing 

brain in humans. Furthermore, in vitro 

studies on primary neurons and neuronal cell 

lines (73) support these observational 

studies. In more detail, incubation with 

leptin reduces the phosphorylation of tau 

protein and apparently ameliorates both 

amyloid beta and tau-related pathologies of 

Alzheimer’s disease (73). This in vitro data 

support the use of leptin as a novel 

therapeutic approach for Alzheimer’s 

disease. 

As summarized earlier (66), we described 

lower serum leptin levels in children with 

Classical Galactosaemia compared with age-

matched controls. Given that leptin has 

peripheral, hypothalamic and extra-

hypothalamic effects (14, 74), we can only 

speculate whether decreased levels at a 

neuroendocrine could have potential clinical 

consequences for, e.g., pubertal maturation 

and cognitive development in patients with 

Classical Galactosaemia. Although it is not 

possible to directly compare subtle 

alterations in the leptin system with severe 

genetic leptin deficiency, it is of particular 

relevance to see that leptin replacement 

therapy in ultra-rare primary leptin 

deficiency has been shown to improve 

cognitive development in childhood (72) 

and later in life (75).  

In this context, it is of interest to discuss 

preliminary results from our in vitro pilot 

study focussing on leptin expression in 

fibroblasts of Classical Galactosaemia 

patients. There was a trend towards lower 

leptin gene expression in a subgroup of 

Classical Galactosaemia patients with 

significant neurological morbidity compared 

with patients with good neurological 

outcome, i.e., a 3.7 fold decrease in poor 

versus good outcome patients (unpublished 

data, 2015). The significance of these in 

vitro findings needs to be established; 

however, given that disruption of leptin 

signalling may have a role in cognitive 

defects we can only speculate that the 

decreased expression of leptin, e.g. in 
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fibroblasts, may indicate a potential 

systemic role for this pathway in Classical 

Galactosaemia patients. Leptin has a 

cognitive enhancing role in the CNS where 

it affects synaptic plasticity and 

neuroendocrine circuits (72). In this context, 

larger-scale studies are needed to examine 

the underlying mechanisms together with 

potential diagnostic and clinical implications 

in the inherited metabolic disease Classical 

Galactosaemia. 

 

Summary 

We propose that an altered leptin system 

may contribute to dysregulation of 

reproductive pathways, along with other 

long-term complications, in patients with 

Classical Galactosaemia at a neuroendocrine 

level from an early age. It seems possible 

that leptin dysregulation may also have a 

potential role in cognitive complications 

which can be associated with Classical 

Galactosaemia. Endogenous intoxication 

and long-term dietary over-restriction of 

galactose along with altered glycosylation 

may have a role to play in the 

pathophysiology of this inborn metabolic 

disease. In this review, we focus on 

dysregulation of glycosylation processes and 

key pathways including leptin and its 

binding sites (Ob-R, sOb-R), highlighting 

the need for further research into these 

pathways in the metabolic disease context. 

There is growing body of evidence that 

metabolic hormones including the leptin 

system are promising biomarkers to monitor 

patients with Classical Galactosaemia. 

However, larger-scale clinical studies are 

needed along with translation into validated 

clinical practice. 
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Legend to figure 

 

Figure 1 

Potential dysregulation of signalling pathways in Classical Galactosaemia 

 

1. Cross talk of leptin (from adipose tissue) and insulin (from the pancreas) signaling pathways; 

altered response in the CNS due to altered sOb-R in the bloodstream and Ob-R in the brain as a 

result of N-glycosylation abnormalities [15, 31-33, 53].  

2. Leptin differentially engages hypothalamic NPY and POMC neurons; potential dysregulation 

and altered neuroprotective capabilities of leptin, e.g. due to alterations in glycosylation affecting 

Ob-R-expressing neurons in hypothalamic nuclei [  29, 52, 69, 71-72].  

3. Effect on hippocampal function due to distorted Ob-R [64-65, 72-74]. 

4. Altered response to GnRH in the anterior pituitary due to contorted GnRH GPCRs resulting 

from altered N-glycosylation [ 33, 44, 46, 63].  

5.    Altered expression of LH and FSH from the anterior pituitary as a result of pathway 4. 


