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CASE SERIES
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Abstract
Background: Gaucher disease (GD) is a lysosomal storage disorder characterized by severe skeletal complications. 
Bone complications are an important cause of morbidity of GD and are thought to result from imbalance in bone re-
modeling. The objective of this case series was to analyze the long-term effect of enzyme replacement therapy on 
chemokines MIP-1a and MIP-1b, cytokines IL-3, IL-6, IL-10, and IL-12, osteoprotegerin (OPG) and osteocalcin (BGP), 
chitotriosidase, quantitative ultrasound sonography (QUS), bone magnetic resonance imaging (MRI) and dual-energy 
X-ray absorptiometry (DXA) in patients with GD in Northern Greece. In addition, the study aimed in investigating pos-
sible relationship between the above mentioned parameters. 
Patients and Methods: Seven patients with GD type I (three males and four females) were included in the study. Mean 
age was 26.29 ± 15.34 years (range 7-47 years). Six patients were receiving enzyme replacement therapy (ERT), with 
40-60 IU/kg of imiglucerase weekly, for a mean period of 36 months prior to study initiation. One patient started ERT 
after his inclusion in the study.
The levels of MIP-1a, MIP-1b, IL-3, IL-6, IL-10, IL-12, OPG, BGP, chitotriosidase, bone imaging parameters assessed 
with two different techniques (QUS and DXA) and MRI data were estimated at baseline (T0) and after two years on 
ERT. 
Results: Chitotriosidase, MIP-1a, and IL-6 levels decreased in all patients after two years of ERT (p =0.05). In contrast, 
OPG and BGP levels increased (p =0.04 and p =0.02, respectively). Bone mineral density (BMD) demonstrated a pro-
gressive improvement with regards to the Z-score in all patients (p =0.05). The decrease in the plasma levels of MIP-1a 
strongly correlated with a decrease in the plasma levels of chitotriosidase. Additionally, decreased plasma levels of IL-6 
were correlated with increased Z-score both at baseline (T0) as well as two years later, in all patients. There was no cor-
relation between MRI findings and any inflammatory biomarker.
Conclusions: Measurement of serum markers in patients with GD under ERT could be used as an auxiliary tool in the 
monitoring of bone involvement, in combination with MRI imaging and BMD. However, larger studies involving higher 
numbers of GD patients are needed to confirm these conclusions. Hippokratia 2016, 20(2): 153-159
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Introduction
Gaucher disease (GD) is the most common lysosomal 

storage disorder, known to be inherited in the autosomal 
recessive way1,2. It is caused by the deficiency of gluco-
cerebrosidase leading to accumulation of glucosylcer-
amide3-5.

Common clinical symptoms and manifestations in-
clude hepatomegaly, splenomegaly, hematological and 
various skeletal complications, whereas in the neuronop-
athic forms neurological complications of different se-
verity and rate are also present. Almost all GD patients 
develop skeletal complications, consisting mainly of 

bone remodeling failure, osteopenia, osteoporosis, os-
teolytic lesions of various size, Ehrlenmeyer’s flask 
deformity, marrow infiltration and avascular necrosis. 
Substantial progress has been performed the last decade 
on the pathogenesis of bone changes in GD, which is cur-
rently attributed to multiple factors. Such factors include 
vascular compression due to increased intraosseous pres-
sure, metabolic disturbance with increased bone resorp-
tion, cytokine and chemokine enhancement of osteoclast 
function, macrophage-derived factors’ effects, as well as 
interactions between Gaucher cells, osteoclasts, osteo-
blasts and mesenchymal cells6-9. Imaging methodologies 
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for the evaluation of skeletal involvement are currently 
employed and provide accurate evaluation and staging of 
bone lesions in GD10. Practical limitations and increased 
costs of these imaging procedures have initiated the in-
vestigation of the use of biochemical markers for evalua-
tion of osseous involvement11.

Enzyme replacement therapy (ERT) has changed 
the natural history of GD12. However, while some GD 
manifestations (anemia, thrombocytopenia, hepatosple-
nomegaly) rapidly improve with ERT, the skeletal tissue 
shows a slower response12-14. 

Because Gaucher cells release proinflammatory cy-
tokines and tartrate-resistant acid phosphatase, it has 
been hypothesized that complications result from a high 
turnover rate combined with high macrophage-mediated 
osteoclastic bone resorption8.  However, reports studying 
biochemical markers of bone turnover have given vari-
able results so far.

We performed a prospective study in a case-series of 
GD patients from Northern Greece under long-term ERT 
to investigate treatment effects on bone mineral density 
(BMD), biochemical marker levels and magnetic reso-
nance imaging (MRI) findings, as well as possible rela-
tionships between them.

Patients and Methods
Seven GD type I patients (three males and four fe-

males) on ERT were enrolled in this prospective study. 
The diagnosis of GD was confirmed by demonstration 
of deficient glucocerebrosidase activity and genotyping. 
Mean age was 26.29 ± 15.34 years (range 7–47 years). 
Six patients were receiving ERT with 40-60 IU/kg of imi-
glucerase weekly for a mean period of 36 months prior 
to their enrollment in the study, while one patient started 
ERT after his inclusion.

 Serum markers, macrophage inflammatory protein 
(MIP)-1a, MIP-1b, Interleukin (IL)-3, IL-6, IL-10, IL-
12, osteoprotegerin (OPG), osteocalcin (BGP), as well 
as chitotriosidase, a marker of total disease burden, were 
investigated in this group of patients, at baseline (T0) and 
two years later. MIP-1a and MIP-1b levels in ethylenedi-
aminetetraacetic acid (EDTA) plasma samples were mea-
sured by enzyme-linked immunosorbent assay (ELISA) 
(for MIP-1a, MIP-1b: R&D Systems, Inc., Minneapolis, 
US, for Osteoprotegerin: sRANKL BioVendor GmbH, 
Heidelberg, Germany, and for IL-6, IL-10, IL-3, IL-13: 
Osteocalcin Invitrogen, Life Technologies Corporation, 
Camarillo, CA). Chitotriosidase in plasma samples was 
measured by a standard enzyme activity assay. Serum 
OPG and BGP levels were assessed using commercial 
kits, based on ELISA methods, according to the instruc-
tions of the manufacturer.

BMD was measured using a dual-energy X-ray ab-
sorptiometry (DXA), technique using Cronos® bone 
densitometer (DMS, France) at two sites: the lumbar 
spine vertebrae (L2–L4) and the left proximal femur. For 
adult patients (older than 20 years) Z-score values were 
directly acquired from the scanner output, while for those 

aged 7 to 20 years the parameter was calculated normal-
izing crude BMD using the standard population proposed 
by Kelly et al15. According to the guidelines of the In-
ternational Society of Clinical Densitometry (I.S.C.D.) a 
Z-score ≤2.0 was considered abnormal16,17. At the lumbar 
site, BMD was measured at the second, third and fourth 
lumbar vertebrae and the mean value expressed as grams 
per square centimeter (BMDs, g/cm2). At the proximal 
femur, BMD was measured at the femoral neck and 
the total hip. Results were also expressed as grams per 
square centimeter square (g/cm2). Z-scores were calcu-
lated based on BMD measurements of a normal age- and 
sex-matched Caucasian population18.

Quantitative ultrasound (QUS) is a bone health as-
sessment technique, grown popular in recent years since 
its introduction in 1984. Compared to DXA, QUS is 
more widely accessible because of a portable device, low 
cost, and absence of ionizing radiation19. This technol-
ogy has been used to determine the bone health status of 
women, men, children and, in certain cases, infants8. The 
ultrasound is a type of sound wave with a frequency ex-
ceeding the normal auditory range of humans (>20 kHz), 
while the frequency used in QUS usually lies between 
200 kHz and 1.5 MHz19,20.

QUS measurements were performed using Om-
nisense® 7000 P (Sunlight Medical Ltd, Tel Aviv, Israel), 
equipped with a handheld probe, specifically designed 
to assess the axial speed of sound (SOS) along the sur-
face of peripheral bones. Two sites on the non-dominant 
side were assessed: the distal third of the radius (SOSR) 
and the midshaft of the tibia (SOST). Calibration of the 
device was carried out on a daily basis using the manu-
facturer’s verification phantom, whereas repeatable po-
sitioning of the probe was achieved by the use of simple 
measuring gauges as instructed by the manufacturer of 
the device. Z-scores for SOS values were calculated ac-
cording to normative data derived from a normal sex- and 
age-matched Greek population20.

Measures of QUS, as well as MRI of bones -repre-
senting bone marrow infiltration-, were investigated in 
this group of patients at baseline (T0) and subsequently 
two years later, and so was the relationship between these 
parameters.

The authors obtained ethical approval from hospital’s 
Bioethics Committee (protocol number 91, 1/6/2010). In 
addition, consent was obtained from all study subjects or 
their parents/legal representatives before study entry.

Statistical analysis
For statistical analysis and graphical demonstration, 

Excel® for Mac 2011 version 14.0.0 (Microsoft, Red-
mond, CA, USA) and the Statistical Package for Social 
Sciences (SPSS®) version 20 (SPSS IBM, Chicago, IL, 
USA) were employed. Results are presented as means 
± standard deviation. The Shapiro-Wilk test was used 
to identify parameters with skewed distribution. In pa-
rameters with normal distribution, mean values were 
compared using paired Student t-test, whereas linear cor-
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relations were calculated with the Pearson’s correlation 
coefficient. In parameters with a skewed distribution, 
significance was assessed with Mann-Whitney test and 
Spearman’s correlation coefficient, respectively.

Results
All seven patients in this case series presented with 

a GD1 phenotype and were free of neurological signs. 
However, only five of them carried the common “neu-
roprotective” N370S mutation in homozygosity. One 
patient carried two heterozygous disease-causing muta-
tions (N409S/L483P), and the seventh patient carried the 
L444P mutation in homozygosity - presenting, however, 
with a GD1 neurological-free phenotype. All patients had 
developed skeletal complications, consisting mainly of 
osteopenia and marrow infiltration. These changes pre-
dominantly affected long bones and the vertebrae. Failing 
of remodeling of the distal femora producing the charac-
teristic “Erlenmeyer flask” appearance, a common skel-
etal abnormality in patients with GD, was already present 
in four patients of the cohort before initiation of ERT, 
while none of them developed additional skeletal com-

plications while on ERT.
Two years after baseline, plasma chitotriosidase activ-

ity, MIP-1a and IL-6 levels were decreased in all patients 
(p =0.05 and p =0.03, respectively) (Table 1) (Figure 1, 
Figure 2). In contrast, other biochemical markers, such 
as OPG and BGP, were increased in all patients after two 
years of ERT therapy (p =0.04 and p =0.02, respectively) 
(Table 1) (Figure 3, Figure 4). Hip BMD demonstrated a 
progressive improvement in all patients after two years 
of treatment, according to the Z-score (p =0.05) (Table 
1) (Figure 5). 

Regarding plasma levels of chemokines and chitotri-
osidase activity studied, a statistically significant correla-
tion between the decrease in MIP-1a plasma levels and 
chitotriosidase could be demonstrated (Table 2) (Figure 
6). Other markers (MIP-b, BGP, OPG) were weakly cor-
related with plasma chitotriosidase activity (Table 2). 
Additionally, decreased plasma levels of IL-6 strongly 
correlated with increased Z-score in DXA in all patients 
(Table 2) (Figure 7). The correlation of all serum markers 
with bone MRI findings was poor. 

Table 1: Biochemical and bone mineral density measurements (paired t-test) of the seven patients with Gaucher type I 
disease, at baseline (T0) and after two years (T2) on enzyme replacement therapy.

Parameter T0 T2 p
GAUS 6.86 ± 3.89(2 - 13) 6.86 ± 3.58 (2 - 13) 0.5
CHT 1870.57 ± 1717.20

(262 - 5628)
1523.86 ± 1403.24

(262 - 4567)
0.05

ΒΜD waist 2.43 ± 0.79
(1 - 3)

2.14 ± 0.69
(1 - 3)

0.09

ΒΜD femur 2.57 ± 0.79
(1 - 3)

2.43 ± 0.53
(2 - 3)

0.30

QUS radius Z-score -0.26 ± 1.51
(-2,6 - 1,9)

-0.77 ± 0.41
(-1,4 - -0,2)

0.16

QUS tibia Z-score 0.01 ± 1.54
(-1,3 - 3)

-0.01 ± 0.98
(-1,1 - 1,5)

0.48

ΒΜD L2-L4 Z-score -0.27 ± 0.66
(-1,09 - 0,71)

-0.39 ± 0.72
(-1,1 - 0,71)

0.27

BMD Hip Z-score -0.73 ± 1.84
(-3.6 - 2)

0.72 ± 0.45
(-0,1 - 1,22)

0.05

MIP-1a 46.79 ± 32.28
(16.8 – 102.5)

35.44 ± 22.80
(19.1 – 80.56)

0.05

MIP-1b 78.21 ± 28.52
(24.18 – 114.7)

65.66 ± 23.07
(42.09 – 98.95)

0.24

IL-3 5.18 ± 5.49
(0.56 – 13.17)

3.95 ± 3.95
(0.7 – 12.08)

0.34

IL-6 5.24 ± 2.55
(1.33 – 18.94)

3.16 ± 1.53
(1.07 – 5.58)

0.03

IL-10 11.49 ± 7.85
(5.3 – 24.15)

7.58 ± 4.34
(2.75 – 14.45)

0.12

IL-12 1.01 ± 0.39
(0.8 – 1.9)

0.92 ± 0.42
(0.7 – 1.88)

0.36

S-RANK-L 8.46 ± 5.72
(4.23 – 21.1)

7.09 ± 3.04
(3.59 – 12.78)

0.19

OPG 3.47 ± 0.58
(2.97 – 4.46)

4.01 ± 0.71
(3.28 – 5.11)

0.04

Ratio 2.49 ± 1.85
(1.42 – 6.66)

1.80 ± 0.84
(1.04 – 3.55)

0.08

BGP 6.24 ± 4.32
(1.08 – 12.38)

10.16 ± 2.95
(5.88 – 14.04)

0.02

Values are presented as means ± standard deviation (range in brackets). CHT: Chitotriosidase, BMD: Bone mineral density, QUS: quantitative 
ultrasound sonography, MIP: macrophage inflammatory protein, IL: Interleukin, S-RANK-L: soluble receptor activator of the NF-kappaB 
ligand, OPG: Osteoprotegerin, BGP: Osteocalcin. GAUS: Gaucher Disease Severity Score Index.
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Table2: Linear correlations between study parameters.
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Age -.291
.334

.536

.048
.246
.396

.622

.018
.520
.056

.116

.694
.324
.258

-.215
.460

.144

.656
.389
.169

.196

.502
.128
.664

-.336
.240

-.174
.553

-.214
.462

.286

.322
-.037
.899

.134

.647
-.586
.082

2 years therapy -.425
.148

-.351
.240

-.403
.172

-.226
.458

-.159
.604

-.192
.530

.395

.181
.219
.517

-.441
.132

.055

.859
-.011
.971

-.480
.097

-.357
.231

.029

.924
-.592
.033

-.303
.315

-.352
.238

.097

.752
GAUS .520

.056
.824
.000

.521

.056
-.417
.138

.041

.889
-.064
.828

-.021
.949

.914

.000
-.387
.171

.236

.417
-.135
.645

-.239
.411

-.178
.543

.716

.004
.063
.832

.385

.174
-.477
.085

ΧΙΤΡ .450
.106

.334

.243
.037
.899

.461

.097
.301
.295

.053

.871
.603
.022

.579

.030
.385
.173

-.011
.970

.134

.647
.361
.205

.350

.220
-.075
.799

.187

.522
-.427
.128

ΒΜD waist -.528
.052

-.125
.671

-.024
.935

-.297
.303

-.534
.073

.737

.003
.431
.124

.019

.948
-.201
.491

-.335
.242

-.048
.870

.708

.005
.191
.512

.599

.024
-.660
.010

ΒΜD femur .046
.875

.019

.949
.198
.498

-.088
.786

.433

.122
.220
.449

.277

.338
-.065
.825

.038

.899
-.026
.929

.125

.670
-.295
.305

-.357
.210

-.653
.011

QUS radius Z-score .144
.624

.121

.679
-.014
.965

-.518
.058

-.012
.969

.119

.685
.245
.399

.381

.179
.089
.763

.002

.993
-.298
.300

.343

.230
-.273
.346

QUS tibia Z-score -.049
.869

.116

.720
.033
.911

.245

.399
.299
.299

-.035
.905

-.141
.630

.088

.766
-.093
.753

.326

.255
-.487
.078

.110

.707
ΒΜD L2-L4 Z-score .544

.068
-.152
.605

.116

.694
.418
.137

-.274
.344

.213

.464
.113
.701

.007

.981
-.625
.017

.053

.858
-212
.468

BMD Hip Z-score -.224
.605

-.204
.525

.259

.416
-.648
.023

.266

.404
-.021
.948

-.160
.620

.268

.399
-.469
.124

.121

.709
MIP-a .424

.131
.044
.881

-.081
.782

-.165
.573

-.035
.904

.534

.049
.187
.523

.286

.322
-.459
.098

MIP-b .394
.164

-.027
.926

-.275
.342

.115

.696
.363
.202

-.180
.538

.189

.517
-.265
.359

IL-3 -.101
.731

.176

.731
.155
.597

.026

.929
-.088
.765

-.077
.793

-.004
.988

IL-6 .547
.043

.316

.271
.263
.364

.003

.991
.064

0.828
-.065
.817

IL-10 .575
.032

-.160
.584

-.341
.233

-.066
.823

-.125
.670

IL-12 -.278
.335

-.274
.343

-.184
.530

-.239
.411

S-RANK-L .623
.135

0.715
0.004

.068

.884
OPG -.229

.431
.512
.061

Ratio -.563
.036

CHT: Chitotriosidase, BMD: Bone mineral density, QUS: quantitative ultrasound sonography, MIP: macrophage inflammatory protein, IL: Interleukin, S-RANK-L: soluble receptor activator of the 
NF-kappaB ligand, OPG: Osteoprotegerin, BGP: Osteocalcin, GAUS: Gaucher Disease Severity Score Index.

Figure 1: Plasma levels of macrophage inflammatory pro-
tein (MIP)-1a were decreased in all patients after two years 
of enzyme replacement therapy.

Figure 2: Plasma levels of Interleukin-6 were decreased in 
all patients after two years of enzyme replacement therapy.
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Discussion
GD is a lysosomal storage disorder affecting multiple 

organ systems1,2. Bone involvement in GD is known to be 
frequent. According to existing literature, it occurs in ap-
proximately 75 % of GD type 1 patients21,22. Pathophysi-
ologically, bone marrow is infiltrated by lipid-laden mac-
rophages, called Gaucher cells21,22. The skeletal manifes-
tations of GD include a variety of bone pathologies due 
to the progressive glucocerebroside storage, changes of 
vascularity, and impaired bone remodeling. Bone mani-
festations in GD include bone infarcts, avascular bone 
necrosis, cortical thinning, lytic bone lesions, osteoscle-
rosis, fractures due to osteopenia or osteoporosis22. Under 
ERT these pathologies are, at least, partly reversible22-24. 
Evaluation of response to enzyme replacement requires 
accurate, rapid and non-invasive monitoring of disease 
activity11,22,25-26. Changes in osteoclast and osteoblast ac-
tivity can be measured by markers of bone metabolism. 

Figure 3: Plasma levels of Osteoprotegerin (OPG) were in-
creased in all patients after two years of enzyme replacement 
therapy.

Figure4: Plasma levels of Osteocalcin (BGP) were in-
creased in all patients after two years of enzyme replace-
ment therapy.

Figure 5: Bone mineral density (based on Z-score) showed 
a progressive improvement in all patients after two years of 
enzyme replacement therapy. 

Figure 6:  Decreased plasma levels of macrophage inflam-
matory protein (MIP)-1a and chitotriosidase were strongly 
correlated after two years of enzyme replacement therapy.

Figure 7:  Decreased plasma levels of Interleukin-6 were 
strongly correlated with increased Z-score, in all patients, 
after two years of enzyme replacement therapy.
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Different markers of bone turnover have been evaluated 
in patients on ERT11,22,25-26. These changes seem to be re-
versible after initiation of ERT due to an increase in bone 
formation and a decrease of bone resorption26,27.

The extent of bone involvement in GD cannot be esti-
mated only by clinical examination. Imaging of bone and 
bone marrow in GD aims to evaluate the skeletal compli-
cations of the disease and to follow up treatment effects 
on bone disease. MRI is the method of choice to evalu-
ate the extent of bone disease prior to therapy and during 
follow-up in patients on ERT22,28.

With regards to the underlying pathology, GD is re-
garded as a chronic inflammatory disorder, with mac-
rophages producing proinflammatory cytokines that 
could promote bone resorption. Several clinical mani-
festations, such as gammopathies, predisposition to in-
fections, and lymphoid malignancies, suggest a more 
diverse dysregulation of the immune system, lying 
beyond the macrophage6,7,29-30. Previous studies have 
evaluated changes in several enzymatic biomarkers and 
newly-described chemokines6,7,29-30. These changes may 
explain the chronic inflammatory reaction and the in-
creased incidence of lymphoid malignancies that have 
been repeatedly reported among GD patients, and seem 
to be reversible after initiation of ERT6,7,29-30. In particular, 
variable elevations of proinflammatory cytokines IL-6, 
IL-8, IL-1, osteoclast-activating cytokines such as mac-
rophage inflammatory protein-1, and anti-inflammatory 
cytokines and factors such as IL-10 have been reported. 
Various investigations revealed that plasma levels of the 
chemokines MIP-1a and MIP-1b are markedly increased 
in GD patients. Particularly plasma MIP-1b levels tend to 
be higher in untreated patients with skeletal disease com-
pared to untreated patients without skeletal disease8,31. In 
patients under ERT therapy, the plasma levels of MIP-1b 
have been reported to be lower after some years of ther-
apy31. The most consistent finding is a difference in os-
teocalcin levels between patients who experienced bone 
complications and those who did not8.

In the present study, serum chitotriosidase activity, 
MIP-a and IL-6 levels were decreased in all GD patients. 
Other biochemical markers such as OPG and BGP lev-
els were increased in all patients after two years of ERT 
therapy. Decreased plasma levels of both MIP-1a and 
chitotriosidase were strongly correlated. Additionally, 
decreased plasma levels of IL-6 were strongly correlated 
with increased Z-score, in all GD patients. Bone mineral 
density showed a progressive improvement in all patients 
after two years of ERT based on the Z-score. No correla-
tion was found between QUS measurements and studied 
markers in GD patients under ERT.

The results of the study suggest that biochemical 
markers can illustrate various metabolic changes oc-
curring in the osseous tissue in GD patients. Therefore, 
biochemical markers could be used in the evaluation of 
skeletal involvement in type 1 GD patients. In particular, 
osteocalcin and MIP-a are useful tools, when combined  
with imaging methodologies, in the evaluation of skeletal 

involvement in type 1 GD during ERT - and their moni-
toring can provide insights into the evolution of bone le-
sions.

Limitations of the current study are the small number 
of patients, as well as the fact that six out of the seven 
patients were already on ERT at baseline - probably not 
allowing the observation of most prominent alterations 
of the biomarkers studied. Future research should be ad-
dressed at larger GD cohorts and focus on the applica-
tions and usefulness of biomarkers in the evaluation of 
osseous tissue response to specific treatments in patients 
with GD.
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