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Review

Examining the impact of bone pathology on 
type I Gaucher disease

Gaucher disease (GD) is an autosomal recessively 
inherited lysosomal disorder caused by mutations 
in GBA gene leading to deficient activity of the 
lysosomal enzyme acid b‑glucocerebrosidase (EC 
3.2.1.45). This enzyme failure results in impaired 
degradation and storage of the glycolipid gluco‑
sylceramide [1] in the lysosomes of macrophages 
(Mf). These so called ‘Gaucher cells’, a charac‑
teristic (but not pathognomonic) finding in vari‑
ous organs from patients, have an eccentric nuclei 
surrounded by a cytoplasm with a ‘wrinkled tis‑
sue paper’ appearance. It is the most common 
lysosomal disorder [2] and was the first in its group 
for which a specific treatment was introduced, the 
enzyme replacement therapy (ERT) [3]. 

Classicaly, three clinical forms of GD, I, II and 
III, can be distinguished, depending on the pres‑
ence of neurological involvement and onset of 
manifestations. However, nowadays a continuum 
of phenotypes could be observed ranging from 
early to late onset and absent to severe neuro‑
pathic symptoms [4]. 

Type I GD
Type I GD (GD I) is the most frequent form, 
and distinguishes itself from the other two types 

because of absence of involvement of the CNS. 
The estimated prevalence is 1:13,000–60,000, 
with a high frequency in the Ashkenazi Jewish 
population [5].

Clinical presentation is heterogeneous, rang‑
ing from asymptomatic adult patients to severely 
affected children. Affected organs include the 
spleen, liver, bone marrow and bone and, in 
severe cases, also the lung and kidney. The 
course of disease is chronic and progressive; 
patients display hepatosplenomegaly, hematolog‑
ical complications including anemia and throm‑
bocytopenia with bleeding and bone alterations 
[6]. Splenomegaly is found in all but the least 
affected patients.

Patients with GD I may face only very few 
or atypical clinical symptoms, thus diagnosis of 
all affected persons is hard or even impossible, 
also in view of different diagnostic possibilities 
of countries around the world [7]. 

Diagnosis
The majority of Gaucher patients are suspected 
and diagnosed by hematologists, owing to sig‑
nificant hematological abnormalities commonly 
present in these patients [8]. For this reason, a 
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bone marrow biopsy is usually performed. This 
test reveals the presence of the characteristic 
lipid‑engorged macrophage called ‘Gaucher 
cell’, with a ‘wrinkled tissue paper’ appearance 
of the cytoplasm and the eccentric, lobulated 
nucleus. By electron microscopy, typical tubular 
inclusions are found. Although bone marrow 
biopsy is a common practice for hematologists, 
it is not necessary for GD diagnosis, due to the 
availability of confirmatory enzymatic assay in 
leukocytes from peripheral blood. The result 
from bone marrow ana lysis is not definitive, 
it is associated with false positives and nega‑
tives. Examples of false positives, represented by 
detection of pseudo Gaucher cells, could be seen 
in hematologic malignancies such as multiple 
myeloma or leukemia. On the other hand, situ‑
ations of samples from Gaucher patients with‑
out detection of Gaucher cells in bone marrow 
a spirate or biopsy were also described [9]. 

Confirmation of diagnosis is based on the 
detection of a deficiency of glucocerebrosidase 
activity in leukocytes from peripheral blood 
[10]. Genetic testing based on sequencing of 
GBA1 gene is a complement for diagnosis. Data 
regarding mutations may be valuable for some 
correlation with phenotype especially impor‑
tant for family screening to provide genetic 
counseling [11]. 

Biomarkers of GD
A number of biochemical abnormalities have 
been described in GD [12] and several markers 
have been developed for laboratory monitor‑
ing of severity of disease and therapy outcome. 
Chitotriosidase is the most reliable biomarker 
and the most widely used in clinical practice 
[13]. However, there is an impediment for the 
use of this substance as a biomarker in some 
patients that is the existence of a common 
mutation in the chitotriosidase gene that inac‑
tivates the enzyme [14]. For those cases in which 
the chitotriosidase is not reliable, it is replaced 
by the measurement of the concentration of 
CCL18 in plasma [15,16]. Both chitotriosidase 
and CCL18 are produced by Gaucher cells [17]. 
They are not pathognomonic of this disease, 
other inflammatory conditions and lysosomal 
afflictions may be accompanied by increases in 
these biomarkers. 

Lipid abnormalities in GD
The substrate glucosylceramide, which is accu‑
mulated in GD, is significantly increased in 
Gaucher plasma, by a factor of three, but there 

is some overlap between levels from patients 
and controls [18]. Recently, glucosylsphingosine 
a derivative of glucosylceramide was found in 
plasma from Gaucher patients [19]. Concen‑
trations of glucosylsphingosine for Gaucher 
untreated patients are 200‑fold higher than 
that from controls or heterozygotes in whom no 
overlap was observed. The values correlate with 
disease severity and other biomarker changes. 
The data support the idea that Gaucher cells 
are the source of glucosylsphingosine and is 
largely a direct derivative of the primary stor‑
age product glucosylceramide. However, the 
precise biochemical pathway(s) contributing to 
formation of glucosyl sphingosine in Gaucher 
patients are unknown. Owing to increases in 
this lipid have not been observed in other con‑
ditions, it was proposed as a specific biomarker 
for GD. 

Lipid abnormalities in the sera of Gaucher 
patients are commonly observed. Levels of 
cholesterol and triglycerides were analyzed in 
Gaucher patients. Levels of HDL‑cholesterol 
and ApoA1 were significantly lower and triglyc‑
erides levels were significantly higher in patients 
as compared with control subjects [20]. These 
values do not normalize in patients on treat‑
ment. Although low levels of HDL‑cholesterol 
are found in Gaucher patients, there is no 
increase risk for  cardiovascular disease. 

Clinical manifestations
GD I is manifested as hematological, visceral 
and bone abnormalities. Main hematological 
problems are anemia and thrombopenia. Leu‑
copenia could also be observed, but is not a 
major complication. They are caused by bone 
marrow inf iltration together with splenic 
sequestration [21]. Severe thrombocytopenia 
subjects to patients to a high risk of bleeding. In 
addition, concurrent abnormalities of platelet 
function and coagulation factors may coexist, 
worsening hemorrhage tendency [22]. 

Enlargement of the liver and spleen are com‑
mon in untreated GD I, owing to the infiltra‑
tion of activated Mf in the sinusoids of the 
spleen and Kupffer cells of the liver. Liver func‑
tion is usually normal. Furthermore, hepatic 
involvement may sometimes be associated with 
fibrosis [23]. Occasionally, severe infiltration of 
the lungs could be observed. 

A rare complication of the condition is the 
development of hematological malignancies, 
most characteristically B‑cell lymphomas and 
multiple myeloma, the pathogenesis of which is 
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incompletely understood. A review of literature 
has also described an increase risk of cancer in 
general [24]. 

Bone pathology in GD I
Bone pathology remains the main problem for 
GD I patients after the introduction of enzyme 
replacement therapy. Bone disease is a common 
and often painful and disabling manifestation 
of GD [25]. Multiple compartments of bone that 
are affected are caused by alterations in bone 
metabolism (turnover, remodeling and min‑
eralization). Almost all GD patients develop 
skeletal complications, consisting mainly of 
remodeling failure, osteopenia, osteoporosis, 
marrow infiltration, avascular necrosis and 
osteolysis [26]. It may be suggested that patients 
with early onset GD I are at risk of skeletal dis‑
ease. One of the early signs is the typical ‘Erlen‑
meyer flask’ deformity of the distal femur. These 
changes predominantly affect long bones and 
the vertebrae. Patients could be asymptomatic 
with or without radiological signs or present 
symptoms including bone pain involving one 
limb or joint, avascular necrosis or pathological 
fractures. An international registry of Gaucher 
patients worldwide revealed that 62% of them 
had some form of radiologic bone disease and 
43% experienced bone pain [27]. The Mf are 
prominent in the bone marrow and contribute 
to acute episodes of osteonecrosis, particularly 
during growth. Necrosis of the marrow leads to 
impaired function of joints. Other effects on 
the skeleton include local swellings (Gauche‑
romas). Imaging methodologies for the evalu‑
ation of skeletal involvement, such as conven‑
tional (plain) radiography and scintigraphy, 
MRI, computed tomography or dual energy 
x‑ray absorptimetry are currently employed and 
provide accurate evaluation and staging of bone 
lesions in GD [28].

Bone disease & ERT
Much evidence demonstrates substantial 
improvement of hematological and visceral 
parameters upon introduction of specific ERT 
for Gaucher patients [29]. However, bone tissue 
does not respond equally, it is, in some degree, 
refractory to therapy. Patients at risk may ben‑
efit from early intervention with ERT, although 
many lesions and osteonecrosis are irreversible. 
Enzyme therapy cannot reverse established 
o sseous injury [30].

Several prospective studies have been per‑
formed to evaluate the effectiveness of ERT in 

treating skeletal pathology. Bone pain is present 
at baseline in around two‑thirds of the patients. 
Some patients improve in this aspect, but 40% 
of patients remain with this symptom after 
18 months of treatment. In a recent study of 
patients treated with imiglucerase for 10 years, 
a positive effect was observed in skeletal symp‑
toms, as well as a reduction of bone pain and 
crises in patients who suffer from them at base‑
line. Moreover, most of the patients who did not 
report bone symptoms at baseline continued to 
be pain free after 10 years of ERT [31]. 

Bone mineral density tends to increase during 
therapy, but the response is slow [30]. Patients 
with pre‑existent skeletal complications tend to 
suffer incidents during ERT, such as medullary 
infarctions, avascular necrosis or fractures, but 
the frequency of these events is reduced [32].

Low bone density manifests early in children 
with GD, and mineral density deficit is maxi‑
mal in the adolescent period. Moreover, this 
group is most responsive to ERT, underscoring 
the importance of early diagnosis and interven‑
tion to achieve optimal peak bone mass [33]. In 
the largest study with treated pediatric patients 
bone mineral health was impaired in a large pro‑
portion of the group before ERT and improved 
 considerably with treatment [34]. 

Markers of bone turnover
Biochemical markers of bone turnover are widely 
used tools for the evaluation of patients with bone 
diseases. Osteocalcin is a sensitive marker of bone 
formation and type I collagen telopeptides (car‑
boxy‑ and amino‑terminal telopeptides) are use‑
ful indicators of bone resorption because they are 
released from collagen molecules during osteo‑
clastic activity [35]. However, currently, there is 
no recommended biomarker that c orrelates or 
predicts skeletal alterations of GD [36]. 

Different studies evaluated bone biomarker 
levels, but different or discordant results were 
found in various reports. Analysis in Gaucher 
patients revealed markedly reduced levels of 
both serum osteocalcin and type I collagen 
C‑terminal telopeptide indicative of a con‑
tinuous loss of bone mass, which was clinically 
expressed by osteopenia and osteoporosis [37,38]. 
The study from Ciana et al., reported increased 
bone resorption as identified by a decrease in 
carboxyterminal propeptide of type I procol‑
lagen and an increase in carboxyterminal telo‑
peptide of type 1 collagen, while osteocalcin 
was unchanged [39]. By contrast, Sims et al. 
reported normal bone biomarker (osteocalcin, 
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bone specific alkaline phosphatase, type 1 col‑
lagen N‑terminal telopeptide and deoxypyridi‑
noline) levels at baseline [40]. In conclusion, it 
seems to be an uncoupling of bone resorption 
and formation, with varying studies reflecting 
both reduced bone formation and/or increased 
resorption in Gaucher patients. 

Splenectomy
Splenomegaly is present in all but the least 
affected Gaucher patients and is the most com‑
mon presenting manifestation [25]. A common 
practice before the advent of ERT was the 
splenectomy, in order to correct cytopenias, 
hyperesplenism and mechanical pressure. After 
the ERT era, splenectomy is becoming a rare 
indication, only used in exceptional circum‑
stances after assessment by a physician who is 
experienced in the management of GD [36]. It 
has been demonstrated that splenectomy wors‑
ens the clinical course of patients. The proposed 
explanation for this fact is that the spleen would 
be the major reservoir for lipid laden Mf, but 
in its absence, other organs, such as the bone 
marrow or liver become more affected. Indeed, 
bone disease is more severe in splenectomized 
patients [41].

Pathophysiological mechanisms of 
bone involvement: osteoimmunology
Chronic immune stimulation in GD was found 
several years ago; however, until recently there 
was a lack of immunological insight of the 
molecular mechanisms explaining this aspect. 
First studies showing immune compromise 
have focused on analyzing cytokine levels in 
sera from patients [42–44]. Although patients 
show high variations, increased levels of IL‑1a, 
IL‑1b, IL‑1Ra, sIL‑2R, IL‑6, IL‑8, IL‑10, IL‑18, 
TNF‑a, TGF‑b, M‑CSF, MIP‑1 and CCL18 
have been reported in sera [15,45,46]. 

Machrophages (Mf) are crucial cells in innate 
immunity. Owing to the specific compromise 
of these cells in GD, it would be reasonable to 
analyze the functionality of lipid laden Mf or 
Gaucher cells. Mf are a heterogeneous group of 
cells, whose morphology and phenotype differ 
depending on the tissue/organ and stimuli. They 
participate in tissue remodeling, host defense and 
many disease processes. They can secrete both 
anti‑ or pro‑inflammatory cytokines. Upon acti‑
vation, two main phenotypes of Mf could be 
produced: classical or alternative, depending on 
environment present at the time of the stages of 
activation [47]. Gaucher cells resemble alternative 

activated Mf [17], characterized by the expression 
of chitotriosidase and CCL18.

Involvement of monocytes, Mf, dendritic 
cells, T and B cells have been demonstrated 
in GD [48–50]. Circulating levels of dendritic 
cells from untreated patients were decreased 
[51]. Increased levels of CD1d and MHCII on 
the surface of monocytes have been observed, 
which could lead to an increased T‑cell activa‑
tion [52]. Abnormalities associated with B‑cell 
compromise were detected, such as IgG and IgM 
hypergammaglobulinemia and plasmacytosis 
[53]. ERT treatment lowers IgG and IgM lev‑
els [54,55]. An increased incidence of gammopa‑
thies and multiple myeloma has been reported, 
implying interplay between Gaucher cells and 
the immune system [56]. 

Recently, a new GD murine model was gener‑
ated, in which the GBA gene was conditionally 
deleted on hematopoietic cells [57]. This model 
presents the hallmark characteristics of GD I, 
including organomegaly and bone involvement. 
Moreover, an alteration of immune cell compart‑
ment was revealed. Altered thymic maturation 
was evident with higher levels of CD4+ and 
antigen‑presenting cells. Higher numbers of 
activated B cells on the thymus were also found, 
which could explain the alteration of normal 
T‑cell maturation [58]. On the same year Pan‑
dey et al. working with another murine model, 
showed higher levels of CD4+ cells on lung, 
spleen and liver as well as an increased expres‑
sion of costimulatory molecules [59]. In mice 
sera, higher levels of IFN‑g, IL‑12p40, TNF‑a, 
IL‑17A/F, IL‑6 and TGF‑b were found. When 
T cells were cocultured with dendritic cells in 
the presence of glucosylceramide, higher levels 
of Th1/Th17 cytokines were secreted.

This deregulation of immune system cells is 
tightly related to the increased levels of cytokines 
and chemokines. These molecules are secreted by 
the immune cells, which, in turn, are recruited 
and activated by chemokines and cytokines, 
respectively. This could create a loop in which 
immune cells from Gaucher patients are being 
continuously activated, leading to systemic and 
focal activation of the immune system. 

It is now well acknowledged that immune 
and skeletal systems interact and affect one 
another during developmental physiology 
and pathology. With the aid of modern con‑
ditional gene targeting and transgenic tech‑
nologies, this field of interdisciplinary research, 
known as o steoimmunology, has been rapidly 
advancing [60].

Review | Mucci & Rozenfeld



www.futuremedicine.com 65future science group

Currently, we are over the idea that bone is a 
metabolically inert tissue. Nowadays it is well 
known bone is a dynamic tissue that remodels 
over a life‑long period. This remodeling process 
involves bone removal by resorbing osteoclasts 
and bone formation by osteoblasts. These pro‑
cesses are strictly regulated in physiological con‑
ditions and this regulation implies the partici‑
pation of osteocytes, which are the final step of 
osteoblast differentiation and mechanosensory 
receptors [61].

Bone marrow stem cells are contained within 
bone. Mesenchymal stem cells, in part, differen‑
tiate into osteoblasts and osteocytes. Hematopoi‑
etic stem cells give rise to myeloid precursors that 
differentiate into osteoclasts, and to lymphoid 
precursors originating lymphocytes [62].

Excessive osteoclast activity leads to patho‑
logical bone resorption; a process observed in 
several conditions such as rheumatoid arthritis, 
bone metastasis and osteoporosis [63].

In 1998, the molecule expressed on osteoclas‑
togenesis‑supporting mesenchymal cells, essen‑
tial for osteoclast differentiation was cloned 
[64,65]. Immunologists cloned the same molecule 
as a stimulator of dendritic cells expressed by T 
cells and named it RANKL [66,67]. RANKL is a 
transmembrane protein of the TNF superfam‑
ily encoded by the Tnfsf11 gene. It is expressed 
on the surface of osteoblasts (at different stages 
of differentiation), osteocytes, stromal cells of 
undefined origin, B and T lymphocytes, syno‑
vial fibroblasts, hypertrophic chondrocytes even 
osteoclasts themselves. The receptor of RANKL 
is RANK, which is encoded by the Tnfrsf11a 
gene. Upon stimulation of RANK by RANKL 
under costimulatory signals such as M‑CSF, the 
process of osteoclast differentiation and matura‑
tion begins [68]. The third protein member of the 
osteoclastogenesis axis, is called osteoprotegerin 
(OPG) and is encoded by the Tnfrsf11b gene. 
OPG functions as a soluble decoy receptor for 
RANKL, inhibiting RANKL interaction with 
RANK, thus acting like an antiosteoclastogenic 
molecule [69]. OPG is expressed by osteoblasts 
and other mesenchymal cells [70].

Mice lacking Tnfsf11 or Tnfrsf11a exhibit 
severe osteopetrosis with absence of tooth erup‑
tion due to a complete absence of osteoclasts [71]. 
On the other hand, mice that lack the Tnfrsf11b 
gene present osteoporosis with spontaneous frac‑
tures due to a greater number and activity of 
osteoclasts [72].

Taken together, these results demonstrate 
that the RANK/RANKL/OPG axis is essential 

in osteoclast differentiation in vivo. Mutations 
in genes encoding RANKL, RANK or OPG 
lead to disorders with high bone pathology [73].

RANKL presents in two different forms as 
a membrane anchored molecule or as a soluble 
protein released by the action of matrix metal‑
loproteinases [74]. Both forms of the protein have 
osteoclastogenesis activity; however, the mem‑
brane‑anchored form functions more efficiently 
[75]. RANKL expression on mesenchymal cells, 
such as osteoblasts, is upregulated by osteoclas‑
togenic factors such as vitamin D3, prostaglan‑
din E2, parathyroid hormone, IL‑1, IL‑6, IL‑11, 
IL‑17 and TNF‑a [76].

Although mice lacking RANK or RANKL 
presented complete absence of osteoclasts, the 
induction of osteoclast differentiation could be 
achieved in vitro in the absence of both mol‑
ecules. In this case, the protein responsible for 
osteoclast generation was the cytokine TNF‑a. 
These studies provided evidence of a potential 
alternative route for osteoclast differentiation [77]. 

Until recently, the role of osteocytes in bone 
homeostasis was unclear. Experiments using 
transgenic mice have demonstrated that osteo‑
cytes can independently control bone resorption 
and bone formation via modulation of differ‑
ent pathways [78]. By using different isolation 
approaches to purify osteoblasts and osteocytes, 
it was shown that osteocytes express significantly 
higher levels of RANKL compared with osteo‑
blasts [79] leading to a more efficient support of 
osteoclastogenesis.

Mice bearing a conditional deficiency of 
RANKL on osteocytes did not show growth 
abnormalities or tooth eruption, but presented 
with a higher bone volume when analyzed at 3 
or 6 months of age [80]. The number and activity 
parameters of osteoclasts were reduced. In other 
studies, the complete ablation of osteoblasts in 
adult mice, did not affect osteoclast number or 
activity, or RANKL expression on the bone [81], 
which supports the hypothesis that osteocyte 
effect on osteoclastogenesis plays an important 
role in bone homeostasis.

The molecular and cellular basis of GD bone 
physiopathology are not well understood and 
opposing studies have emerged in the last few 
years. In 2010, Mistry et al. [57] generated a mouse 
model of GD I by conditionally deleting exons 
8–11 from the GBA gene on cells of the hemato‑
poietic and mesenchymal stem cell lineages. The 
mouse presented the main GD clinical hallmarks 
including hepatosplenomegaly, anemia and 
thrombocytopenia. One of the most important 
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features about this model is the presence of bone 
involvement including medullar infarctions with 
associated avascular necrosis and osteopenia at all 
sites. A significant reduction on bone formation 
rate was present on 14‑months‑old mice while 
TRAP‑labeled surfaces were unaltered.

The model presented impairment of osteoblast 
proliferation and differentiation, while neither 
osteoclastogenesis nor osteoclast resorptive 
activity seemed to be altered. The reduction of 
osteblast proliferation seemed to arise from an 
inhibition on the intrinsic PKC activity due to 
the accumulation of glucosylsphingosine and, 
to a lesser extent, glucosylceramide. These find‑
ings suggest that bone complications in GD 
would result from an osteoblast source without 
o steoclast involvement [57].

On the other hand, several reports have dem‑
onstrated participation of osteoclasts on GD bone 
pathophysiology. Lecourt et al. used mesenchymal 
stem cells and monocytes from healthy controls 
exposed to conduritol‑b‑epoxide (CBE), a spe‑
cific glucocerebrosidase inhibitor. CBE treatment 
on mesenchymal stem cells had no effect on their 
capacity to differentiate into osteoblasts and the 
generation of mineral matrix. The inhibitor had 
no direct effect on osteoclast differentiation or 
resorption activity. However, when mesenchymal 
stem cells were cultured in the presence of con‑
ditioned media from CBE‑exposed monocytes, 
an increased osteoclastogenesis and r esorption 
activity was detected [82].

Using a similar approach, our group showed 
that conditioned media from peripheral blood 
mononuclear cells (PBMCs) exposed to CBE 
had an increased capacity to generate osteoclasts 
when applied on osteoclast precursors. Moreover 
these osteoclasts had increased resorptive capacity 
and secreted greater amounts of matrix metallo‑
proteinases, when compared with untreated con‑
trols. We have also demonstrated that this process 
involved, at least in part, the proinflammatory 
cytokine TNF‑a and T cells, both known to be 
related to osteoclast differentiation [83]. 

Using PBMC isolated from patients with GD, 
Reed et al. showed that patients’ cells had an 
increased differentiation potential when exposed 
to osteoclastogenic mediators [84]. 

Osteoclasts differentiated from patients had 
more resorption capacity, were bigger and had 
a greater number of nuclei when compared with 
osteoclasts differentiated from healthy con‑
trols’ PBMCs. The osteoclastogenesis potential 
had a clinical correlation with patient’s bone 
 involvement [84].

The differences observed between the mouse 
and human models regarding the involvement 
of osteoclasts and/or osteoblasts in the bone 
pathophisiology of GD could arise from the 
fact that the conditional mouse model lacks 
enzymatic activity only on cells of the hemato‑
poietic lineage. Osteoclasts from mouse models 
are induced to be glucocerebrosidase deficient 
in the first days of life, but osteoblasts/osteo‑
cytes are normal cells. Therefore it could be that 
the regulation of osteoclastogenesis in mouse 
model is not reliably modeling the situation of 
bone in a Gaucher patient in which all body 
cells are mutant since fertilization. Regarding 
experiments using human cells, such as the ones 
using Gaucher patients’derived or CBE‑treated 
mononuclear cells, all the cells in the in vitro 
culture are enzyme deficient, restricting the 
study to these isolated cells without the effect 
of other bone cells. 

In conclusion, there is evidence supporting 
alterations in both bone formation and resorp‑
tion activities in GD. Indeed, a recently pub‑
lished study from our group provided evidence 
that bone formation and resorption activities are 
affected in GD, both contributing to reduced 
bone mineral density characteristic of this 
d isorder [85]. 

A plausible model explaining bone pathol‑
ogy in GD is shown in Figure 1. An increase in 
osteoclastogenic and proinflammatory cytokines 
and molecules, in patients’ circulation and/or 
bone marrow microenvironment, could lead to 
bone destruction mechanisms through an incre‑
ment of osteoclast differentiation and resorptive 
activity. This process could be mediated, at least 
in part, by the osteoclastogenic Th17 subset as 
our group showed T‑cell dependent osteoclast 
induction in our in vitro chemical model of GD. 
Another possible mechanism is an increase of the 
osteoclastogenic molecule RANKL, either as its 
membrane bound form on osteoblasts, T cells 
or osteocytes (not shown) or in its soluble form.

On the other hand, there could be bone for‑
mation impairment as a result of different causes 
[57,84]. Osteoblast differentiation and prolifera‑
tion could be diminished owing to the direct 
accumulation of glucosilceramide or by external 
signaling. Another possibility is the induction 
of apoptosis in osteoblasts through mechanisms 
involving soluble mediators or intrinsic impair‑
ment due to sustrate accumulation. Further 
knowledge of molecular and cellular physio‑
pathological mechanisms that lead to inflam‑
matory activation and bone deregulation would 
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Figure 1. Possible mechanisms underlying bone pathology in type I Gaucher disease. Bold 
upward facing arrows indicate increase and bold downward facing arrows indicate decrease. See text 
for explanation.  
OP: Osteoclast precursor; sRANKL: Soluble RANKL.

help to develop directed therapies  specifically to 
correct the underlying defect. 

Future perspective
GD is the most common lysosomal disorder and 
the first for which specific treatment has been 
developed. After more than 20 years of experi‑
ence with enzyme replacement therapy, there is 
still much to do. Resolving bone disease of Gau‑
cher patients is the main challenge to ameliorate 
the quality of life of patients. Currently, we are 
in the starting point of underscoring the under‑
lying pathophysiological mechanisms that alters 
bone tissue homeostasis. Studies are designed 
to explain the cellular pathways that result 
upon glucosylceramide accumulation in Mf 
and its impact in different lineage of bone cells. 

Application of basic knowledge from osteoim‑
munology is helping to elucidate this aspect. 
The results of basic research will be of utility 
in order to identify new targets for coadjuvant 
therapies to treat skeletal pathology in GD. 
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