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CHAPTER THREE

ABSTRACT
Objective: Sanfilippo disease (mucopolysaccharidosis type III (MPS III)) is a rare 
neurodegenerative metabolic disease caused by a deficiency of 1 of the 4 enzymes 
involved in the degradation of heparan sulfate (HS), a glycosaminoglycan (GAG). Genistein 
has been proposed as potential therapy but its efficacy remains uncertain. We aimed to 
determine the efficacy of genistein in MPS III. 

Methods: Thirty patients were enrolled. Effects of genistein were determined in a 
randomized, crossover, placebo-controlled intervention with a genistein-rich soy 
isoflavone extract (10 mg/kg/day of genistein) followed by an open-label extension study 
for patients who were on genistein during the last part of the crossover. 

Results: Genistein resulted in a significant decrease in urinary excretion of total GAGs 
(p = 0.02, slope: -0,68 mg GAGs/mmol creatinine/month) and in plasma concentrations 
of HS (p = 0.01,  slope -15.85 ng HS/ml/month). No effects on total behavior scores or on 
hair morphology were observed. Parents or care-givers could not predict correctly during 
which period of the crossover a patient was on genistein. 

Interpretation: Genistein at 10 mg/kg/day effectively reduces urinary excretion of GAGs 
and plasma HS concentration in patients with MPS III. However, the absolute reduction in 
GAGs and in HS is small and values after 12 months of treatment remain within the range 
as observed in untreated patients. No clinical efficacy was detected.  Substantially higher 
doses of genistein might be more effective as suggested by recent studies in animal models. 
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INTRODUCTION
Sanfilippo disease or mucopolysaccharidosis type III (MPS III) is a rare autosomal recessive 
neurodegenerative lysosomal storage disorder, caused by a deficiency of 1 of the 4 
enzymes involved in the lysosomal degradation of the glycosaminoglycan (GAG) heparan 
sulfate (HS). Four subtypes are distinguished based on the deficient enzyme: MPS IIIA to 
MPS IIID. MPS III is the most common disorder within the group of mucopolysaccharidoses 
with an estimated birth prevalence between 0.28 to 4.1 per 100.000 1,2.

MPS III is clinically characterized by progressive mental deterioration after an initial 
symptom free interval, leading to severe dementia and early death 3. Behavioral disturbances 
are an early symptom and other symptoms include sleeping problems, frequent diarrhea, 
ear, nose and throat infections, and conductive hearing loss. Death often follows in the 
second or third decade of life. However, a large phenotypic spectrum with attenuated 
patients living well into adulthood has recently been recognized4-6. Treatment of patients 
with MPS III is supportive, as an effective disease-modifying treatment still lacks. 

Genistein (4’, 5, 7-trihydroxyisoflavone) is a naturally occurring isoflavone and 
effectively inhibits the synthesis of HS in cultured fibroblasts from MPS III patients 7,8. 
Genistein is an inhibitor of tyrosine-specific protein kinases 9, and the decreased synthesis 
of HS is due to its inhibition of the epidermal growth factor (EGF) receptor and other growth 
factor receptors which regulates the transcription of genes involved in HS synthesis 10,11. 
In addition, in vitro studies revealed an anti-inflammatory effect of genistein on neuronal 
cells 12,13, which is relevant in view of recent observations that neuroinflammation may be 
involved in the pathogenesis of brain pathology in MPS III 14,15.

Genistein can cross the blood-brain barrier, at least in rats 16, and genistein-rich soy isoflavone 
extracts have a favorable safety profile in animal studies 17, and in humans 18,19. They are widely 
used as nutritional supplements for various disorders 20,21, and available without prescription.

Piotrowska and coworkers studied the efficacy of genistein at a dose of 5 mg/kg/day in 
10 MPS III patients in a 1- year open-label study. A significant decrease in urinary excretion 
of GAGs with a significant improvement of cognitive functions was observed 22. In addition, 
hair morphology, which is abnormal in MPS III, improved on genistein. However, the open-
label design of this study may have influenced the results. Nevertheless, based on these 
results, and as genistein rich soy isoflavone extracts are readily available over the counter, 
genistein is currently given to many patients with MPS III worldwide.

We decided to study the potential efficacy of genistein from soy isoflavone extracts in 
a randomized placebo controlled double blind trial with cross-over design, using a higher 
dose of 10 mg/kg/day of genistein. 

PATIENTS AND METHODS
Study design
The study, was approved by the Ethical Committee of the AMC (Amsterdam, The 
Netherlands), and took place between June 2009 to January 2011.  
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Following recruitment and screening, patients were randomly assigned to receive 
either a genistein rich soy isoflavone extract or a placebo for 6 months, followed by a 
1 month washout to minimize any carry-over effect. After this washout period, patients 
crossed over to receive the alternative treatment. At baseline, and after 3, 6, 7, 10 and 
13 months patients visited the metabolic clinic of the AMC or were visited at home or 
the day-care center for studies (see Table 1 for scheduled assessments). After unblinding, 
patients who were on genistein after cross-over, were invited to participate in a 6-month 
open-label extension study. These patients used genistein for 12 consecutive months and 
were also investigated at 19 months after start of the study. 

Primary outcome measures were urinary excretion of GAGs and HS; secondary 
outcome measures were plasma HS, hair morphology, behavioral assessment and the 
ability of parents or care-givers to predict when a patient was on genistein or placebo.

Patients
Inclusion criteria were as follows: (1) enzymatically confirmed diagnosis of MPS IIIA, B, C, 
or D; (2) ability to walk several steps independently and to communicate with sounds; (3) 
obtained written informed consent from the parents or legal representative.  Exclusion 
criteria were: (1) use of genistein or any other investigational treatment for MPS III; (2) 
previous hematopoietic stem cell transplantation; and (3) any medical condition not 
related to the MPS III considered likely to influence the results by the investigators.  

Of the 75 MPS III patients known at the national MPS III expertise center at the AMC in 
Amsterdam, 38 were eligible and were recruited for the study (Fig 1). The parents or legal 
representatives of 30 patients gave written signed consent for participation in the study. 
For 8 patients participation was denied as the study was considered too invasive. Twenty-
nine patients completed the randomized controlled trial. Of the 15 patients who were on 
genistein during the second part of the controlled trial, 13 were enrolled in the open-label 
extension study. Twelve completed the extension study. 

Genistein and placebo
The genistein-rich soy isoflavone extract was obtained from Biofarm International, Ltd 
(Poznan, Poland) in the form of the product Soyfem Forte tablets. This product, produced 

Table 1. Study assessments at different time points during the study.

Procedure Baseline

Randomized trial: Months on study
Extension: 

Months on study

3 6 Washout 7 10 13 19
Physical examination X X X X X
Blood samples X X X X X X X
Urine Sample X X X X X X X
Hair morphology X X X
Behavior assessment X X X X X
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Figure 1. Flowchart of patient participation throughout the course of the study.

and tested following good manufacturing practice (GMP) standards, contains genistin (the 
glycosylated form of genistein which is converted by gut bacteria to genistein) and genistein 
(26.90 %) and several other isoflavones: 13.37% daidzein and daidzin, and 1.98% glycitein 
and glycitin. Genistin, daidzin and glycitin are the glycoside forms of the isoflavones and 
occur naturally in plants. Hydrolases convert the glycosides to the active aglycone form. 
This is the same source of genistein as used in the study by Piotrowska and collegues 22.

Each tablet contains 230mg of isoflavone extract and the dose was calculated to 
10 mg/kg/day of genistin and genistein (60mg per tablet). Doses were adjusted upward to 
whole tablets, and the daily dose was given 3 times per day (t.i.d.).
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The placebo was also manufactured by and obtained from Biofarm International and 
mainly contained microcrystalline cellulose and no isoflavones. Tablets were similar in 
size, shape and color as the Soyfem Forte tablets. Both were packaged in the same 
blisters, without identification or numbers and stored in boxes labeled product A or 
product B by an individual independent of the study. This individual held the product key 
until all patients had completed the initial controlled part of the study, and after statistical 
analysis on primary and secondary outcome measures were done using only “product A” 
and “product B” as indicators. Patients, intervention providers, outcome analyzers and 
statisticians were blinded during the course of the study.

Subject compliance was assessed by tablet count as all remaining tablets had to be 
returned after each phase of the controlled trial, and after the extension trial.

Randomization
An independent data manager rendered a randomization coding list. Patients were 
allocated in a 1:1 ratio to treatment with first genistein and then placebo or first placebo 
and then genistein. The randomization sequence was computer-generated using the online 
randomization program ALEA (Tenalea, Amsterdam, The Netherlands) with blocks of 10. No 
stratification factors were used. The list, which contained numbers linked to the patients, 
and allocated treatment assignments (A – B or B – A), was sent to the pharmacy, which 
distributed the tablets. All patients and investigators were masked to treatment assignment. 

Total GAGs and HS in urine
The primary outcome measure was the difference in total GAGs and HS excretion in the 
urine between the placebo and genistein treatment periods. Total GAGs were measured 
by the DMB test which involves binding of GAGs to the dye dimethylene blue (DMB) and 
spectrophotometric analysis of the GAG-DMB complex 23.  Reference values for ages 2-10 
years: 5 to 15mg/mmol creatinine, and ages > 10 years: 1 to 8mg/mmol creatinine.

HS was measured as the sum of the 7 HS-derived disaccharides obtained after 
enzymatic digestion of heparan sulfate by heparinase I, II and III followed by quantitation 
by HPLC-MS/MS analysis essentially as previously described 24 ,but with the following 
modifications.  Expression plasmids (pET15b or pET19b) containing the coding sequence 
of the mature heparinases were a generous gift from Dr. Ding Xu (University of California). 
Tagged Heparinase I, II and III were expressed in E.coli (BL21 AI, Invitrogen) in Terrific Broth 
medium with 8g/liter glycerol at 22 °C. The enzymes were purified on HisLink Protein 
Purification Resin (Promega, Madison, WI, USA) according the manufacturer’s protocol. 
The purified enzymes were dialyzed against a buffer containing 50mM Tris (pH=7.5), 10mM 
CaCl2, 200mM NaCl and 2mM  dithiothreitol (DTT) thereafter 10 % glycerol and 2 mg/mL 
bovine serum albumin (BSA) were added and aliquots were snap-frozen in liquid nitrogen 
and stored at -80°C. Before each experiment the activity of the heparinase I, II and III were 
tested. Heparinase I and II activity was measured at 30°C in an incubation medium (1 mL 
final volume) containing 25mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) 
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(pH=7.0), 100 mM NaCl, 1 mM CaCl2, 2 mM DTT and 10 mIU heparinase. The reaction was 
started by addition of 0.2 mg/mL heparine (Sigma) and the introduction of the double bond 
was followed in time at 232 nm. The activity was calculated using an extinction coefficient 
of 5200 liter.mol-1.cm-1. The activity of heparinase III was measured essentially the same as 
described above using de-O-sulfated heparin (Neoparin Inc.) as substrate. 

We found that the digestion of HS by heparinases is incomplete, but reproducible, 
possibly certain domains within HSand/or the shortened products (eg. tetramers and 
hexamers) are poor substrates for heparinases. Therefore the maximum enzymatic 
digestion of a HS standard (Sigma) was determined spectrophotometrically at 232 nm 
(extinction coefficient of 5200 L.mol-1.cm-1) using excess of heparinase I, II and III. The 
relative abundance of D0A0, D0S0 and D0A6 in this HS was 65.4, 27.1 and 7.5% respectively 
as determined by HPLC-MS/MS analysis, using this relative abundance an average 
molecular weight (MW) of the disaccharides of 395.65 Da was calculated. This average 
MW was used to calculate the concentration of digestible HS. Typically 44% of this HS 
standard can be digested. 

Urinary HS was enzymatically digested in disaccharides in an mixture (150μL final 
volume) containing: 50μL urine (patients samples diluted to 0.2mmol creatinine/L, control 
samples to 1 mmol creatinine/L), 100mM NH4Ac (pH=7.0), 10mM Ca(Ac)2,  mM DTT and 
5mIU of each Heparinase I, II and III. After 2 hours of incubation at 30°C, 15μL 150mM 
ethylenediaminetetraacetic acid (EDTA) (pH7.0) and 125ng internal standard (IS) (D0a6) 
the reaction mixture was applied to an Amicon Ultra 30K centrifugal filter (Millipore) and 
centrifuged 14,000g for 15 min at 25°C. The filtrate was stored at -20°C until analysis. 

The disaccharides were quantified on a Waters Quattro Premier XE (tandem) mass 
spectrometer (Waters Corporation, Milford, MA) coupled to an Acquity UPLC system 
(HPLC-MS/MS). The disaccharides were separated on a Thermo Hypercarb HPLC column 
(100*2.1mm, 5μm). The mobile phase consisted of 10 mM NH4HCO3 pH 10 and the 
disaccharides were eluted with a acetonitril gradient of 0% to 20% in 2.5 minutes, hold at 
20% for the next 2.5 min and 2 minutes equilibration with 0% before the next injection; 
the flow rate was 0.2mL/min, and the total run time of 7.1 minutes. All disaccharides were 
detected and quantified by multiple reaction monitoring (MRM) acquisition mode, using 
the transitions m/z 378.10>175.10 for D0A0, 416.10>137.80 for D0S0, 458.10>96.90 for 
for D0A6, D2A0 and the IS D0a6, 496.00>416.00 for D0S6, D2S0 and D2S6. 

All samples were digested and analyzed in triplicate. Furthermore in each experiment 
a control sample was spiked with HS(2μg/mL) to calculate the recovery of the enzymatic 
digestion (typically 43+/-2%), this is in agreement with the maximal enzymatic digestion 
as determined spectrophotometrically (44%). The concentration of D0A0, D0S0, D0A6, 
D0S6, D2A0, D2S0 and D2S6 were calculated using disaccharides standards with D0a6 as 
internal standard. Total HS concentration was calculated as the sum of D0A0, D0S0, D0A6, 
D0S6, D2A0, D2S0 and D2S6. Mean ± standard deviation (SD) urinary HS concentration 
in age-matched control subjects (4-52 years) is 373±238 µg/mmol creatinine (range 
162-1137 µg/mmol creatinine, n=18)
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Plasma HS
Plasma HS (secondary outcome measure) was analyzed on HPLC-MS/MS. To this end 
5 μL EDTA plasma was enzymatically digested essentially described above, thereafter 
the reaction was stopped and proteins denatured by boiling for 5 minutes. The reaction 
mixture was centrifuged 20,000g for 5 minutes and the supernatant was subsequently 
filtered prior to analysis. 

All samples were digested and analyzed in triplicate. Mean (±SD) HS concentration in 
plasma in age-matched control subjects (4-52 years) is 125±53 ng/mL (range 61-242 ng/mL, 
n=13).

Hair morphology
For hair morphology analysis, at least 5 hair strands were pulled from the scalp at baseline 
and at 6 and 13 months. Three hair strands, each including a hair follicle, were used for 
analysis by scanning electron microscopy, using a previously described protocol.22 All hair 
samples were studied by 1 of the authors (M.N.), who was blinded at the time of analysis 
and reporting. Evaluation of hair morphology was based on a previously published 
semiquantitative scale ranging from 0 (normal) to 5 (most abnormal) 25. Each hair was 
scored a minimum of 2 times, and when the scores differed more than 2 points, the hair 
was scored again.

Behavior
Behavior was assessed using the Questionnaire on Development and Behavior (VOG). This 
questionnaire is the Dutch version of the Australian Developmental behavior Checklist 
(DBC) and validated for children with intellectual disabilities 26. The VOG is a 96-item 
multiple-choice questionnaire that describes emotional and behavioral disturbance in 
young people with intellectual disability. Each behavioral description is scored on a 0, 1, 2 
rating where 0=not true as far as you know; 1 = somewhat or sometimes true and 2= very 
true or often true. The VOG has 5 subscales derived from factor analysis which include 
disruptive and antisocial behaviors, self-absorbed, communication disturbance, anxiety, 
and social relating disturbance as well as a total behavior problem score (TBPS).  Score 
differences for the TBPS and the 5 subscales were calculated for treatment with placebo 
and genistein by subtracting the scores at 13 and 6 months from baseline scores.

Assessment of efficacy by parents or care-givers
Parents or care-givers were asked before unblinding to predict in which of the 2 study 
periods, separated by the 1-month washout, the patient was on genistein or on placebo. 

Statistical analysis
For the primary endpoint and 1 of the secondary endpoints, we fitted linear mixed effects 
models with as repeatedly measured dependent variable either HS in plasma or in urine, 
or GAG excretion in urine, respectively. These 3 models were similar in form, and included 
as independent variables linear main effects of time since the start of the treatment within 
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each block (as a continuous variable), a categorical variable indicating either baseline 
(month 0 and 7) or drug (genistein or placebo), and an indicator for possible carry-over 
effects from genistein to placebo or vice versa. We also included the interaction of 
treatment arm with time since the start of treatment. The models also included the baseline 
measurement of either HS in plasma or in urine, or GAG excretion in urine, respectively, as 
well as a random intercept per patient. MPS III type (A, B or C) was also included as fixed 
effect. From these models we estimated for each outcome measure: (1) the slope for the 
linear trend over time when taking the placebo, (2) the slope for the linear trend over time 
when taking genistein and (3) the difference in slope between the placebo and genistein. 
The difference in slope was used as primary outcome measure. From (1) and (2), we also 
calculated the expected mean change in outcome when using the placebo or genistein 
for 6 and 12 months. Similarly, we calculated the difference in expected mean change in 
outcome between the placebo and genistein, after 6 and 12 months of use.

For the hair analysis and the behavioral analysis we used the difference (delta) in 
scores before and after treatment with placebo and genistein by comparing the scores at 
13 months and 6 months with the baseline scores. The paired t test was used to analyze 
the behavioral scores, and because of skewness, the Wilcoxon-signed rank test was used 
to analyze the hair scores. The prediction by parents or caretakers in which period the 
patient used genistein was analyzed with a nonparametric binomial test.

Analyses were performed using the SPSS software for Windows, version 15 (SPSS, 
Chicago, IL), as well as the R software, version 2.11.0. We considered a p value of <0.05 as 
statistically significant.

RESULTS
Characteristics of the patients included in the study are presented in Table 2. 

Table 2. Clinical characteristics.

Group 1
(Genistein-Placebo)

Group 2
(Placebo-Genistein) p-value

Number of patients 15 15 NS
Age; median (years) and (range) 13 (3 – 47) 11 (5-67) NS
Males / Females 10 / 5 10 / 5 NS
Mean concentration GAGs in urine in mg/
mmol creatinine (SD)

38.36 (17.52) 30.73 (19.69) NS

Mean concentration HS in urine in mg/mmol 
creatinine (SD)

13.30 (5.59) 12.70 (7.60) NS

Mean concentration HS in plasma in ng/ml (SD) 1239.82 (381.18) 1111.60 (442.69) NS
MPS III A 9 4 NS
MPS III B 1 8 0.03
MPS III C 5 3 NS

NS = not significant; GAG= glycosaminoglycan; HS=heparan sulfate; MPS= mucopolysaccharidosis. 
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Total GAGs and HS in urine
Figure 2A and B present the urinary GAG data during the study in Group 1 and Group 2 
(see Table 2), showing interpatient and intrapatient variability.  

Urinary GAG excretion significantly decreased on treatment with genistein (slope 
-0,68 mg/mmol creatinine/month of use, p = 0.02, Fig 2C. When patients were treated 
with genistein for 6 or 12 months, GAGs are expected to change by -4.10 (95% CI -7.36, 
-0.84,) and -8.20 mg/mmol creatinine (95% CI -14.72, -1.68), respectively (Fig 2C). No 
significant decline in the slope of urinary GAG excretion was detected (p = 0.90) and no 
significant difference in slope was detected for the use of genistein vs. placebo (Table 3). 
A clearly negative but not significant slope was detected for HS in urine on genistein 
treatment (-0.16 mg/mmol creatinine/month of use, p = 0.07) (Table 4). 

HS in plasma
Figure 2D and E present plasma HS levels during the study in Group 1 and Group 2 (see 
Table 2), again showing significant interpatient and intra patient variability. Table 5 
presents the estimated decline in HS per month for genistein and placebo, as calculated 
from the linear mixed effects model. A statistically significant negative slope of 
-15.85 ng/ml HS/month of use was detected for genistein treatment (p = 0.01). Therefore, 
when projected to 6 or 12 months of use, the expected decline in HS is -95.03 (95% CI 
-169.35, -20.72) and -190.06 ng/ml (95% CI -338.69, -41.44), respectively. For the placebo, 
no significant slope was detected (see Figure 2F). The difference in slope for the decline in 
HS for genistein and placebo was not statistically significant (see Table 5).

Table 3. Longitudinal analysis of total GAGS in urine.

Effect on GAGS in urine Estimate Significance
95% confidence 

interval

Placebo
Slope for expected change GAGS  
(mg/mmol creat /month of use)

-0.07 0.90 -1,22,  1.07

Genistein
Slope for expected change GAGS  
(mg/mmol creat /month of use)

-0.68 0.02 -1.23,  -0.14

Difference genistein - placebo
Difference in slope of GAGS  
(mg/mmol creat/month of use)

-0.61 0.34 -1.88,  0.65

Difference in expected change of GAGS  
during 6 months of use (mg/mmol creat)

-3.66 -11.25,  3.92

Difference in expected change of GAGs  
during 12 months of use (mg/mmol creat)

-7.33 -22.50,  7.85

GAG=glycosaminoglycan; value in bold is: p-value <0.05.
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Table 4. Longitudinal analysis of heparan sulfate in urine.

Effect on heparan sulfate in urine Estimate Significance
95% confidence 

interval

Placebo
Slope for expected change in HS 
(mg/mmol creat /month of use)

-0.05 0.78 -0.40, 0.30

Expected change of HS  
during 6 months of use (mg/mmol creat)

-0.30 -2.39, 1.80

Expected change of HS  
during 12 months of use (mg/mmol creat)

-0.59 -4.78, 3.59

Genistein
Slope for expected change in HS  
(mg/mmol creat /month of use)

-0,16 0.07 -0.32, 0.01

Expected change of HS  
during 6 months of use (mg/mmol creat)

-0.93 -1.93, 0.07

Expected change of HS  
during 12 months of use (mg/mmol creat)

-1.86 -3.85, 0.14

Difference genistein - placebo 
Difference in slope of HS  
(mg/mmol creat/month of use)

-0.11 0.59 -0.49, 0.28

Difference in expected change of HS  
during 6 months of use (mg/mmol creat)

-0.63 -2.96, 1.69

Difference in expected change of HS  
during 12 months of use (mg/mmol creat)1

-1.26 -5.90, 3.37

HS= heparan sulfate.

Table 5. Longitudinal analysis of heparan sulfate in plasma.

Effect on HS in plasma Estimate Significance
95% confidence 

interval

Placebo
Slope for expected change of HS  
(ng/ml/month of use)

7.46 0.58 -19.22, 34.15

Genistein
Slope for expected change of HS  
(ng/ml/month of use)

-15.84 0.01 -28.22, -3.45

Difference genistein - placebo
Difference in slope of HS (ng/ml/month of 
use)

-23.30 0.12 -52.72,  6.12

Difference in expected of HS change  
during 6 months of use (ng/ml)

-139.81 -316.32, 36.70

Difference in expected change of HS  
during 12 months of use (ng/ml)

-279.62 -632.64, 73.39

HS= heparan sulfate; value in bold is: p-value <0.05.
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Hair morphology
Hair analysis was performed in 29 patients in the genistein period (median morphology 
score 0.67, first quartile (Q1) = 0.25, third quartile (Q3) = 1.17) and the placebo period 
(median score = 0.58, Q1 = 0.13, Q3 = 1.04). Treatment scores were compared with baseline 
(median morphology score = 0.90, Q1 = 0.67, Q3 = 1.45). No significant difference was 
found when we compared the change in hair morphology scores with the use of placebo 
(median = -0.5) and genistein (median = -0.33; z =-0.198, p = 0.42, one-tailed), r = -0.04.

Behavior
For one patient the questionnaire was not filled in completely, and this questionnaire was 
not included in the analysis. The total score of behavioral problems was not significantly 
different between placebo (mean = -5.9, standard error (SE) = 16.2) and genistein periods 
(mean = -2.2, SE = 12.0, p = 0.25, one-tailed). The scores on the five subscales were also 
not significantly different between genistein and placebo. Only after 6 months extension 
study, when genistein was used for 12 months, a significant decrease in anxiety scores 
(t(11) = 1.93, r = 0.5) was observed (Table 6).

Prediction of genistein or placebo by parents or caregivers
Twenty-seven parents or caregivers predicted whether their child was using genistein or 
placebo during the 2 study periods. Thirteen parents or caregivers of the 27 predicted 
correctly period in which the patient was using genistein. Statistical analysis with a 
nonparametric binomial test showed no significance (p = 1.0).  

DISCUSSION
This is the first double-blind, randomized, placebo-controlled crossover trial designed 
to investigate the effects of genistein in patients with MPS III and our study reveals a 

Table 6. Mean scores of behavior changes compared to baseline scores, scored with the VOG 
questionnaires.

Total score and subscales

Mean changes of behavior scores
Cross-over study

Mean changes of 
behavior scores
Extension study

Placebo  (SEM)
(use 6 months)

Genistein (SEM)
(use 6 months) p-value

Genistein (SEM)
(use 12 months) p-value

TPBS -5.76 (2.96) -2.18 (2.26) 0.25 -7.58 (6.11) 0.12
self-absorbed -2.80 (1.04) -1.82 (0.90) 0.13 -3.00 (1.89) 0.07
disruptive and antisocial -0.77(1.52) -0.14(1.13) 0.49 -1.17 (2.79) 0.34
communication 
disturbance

-1.03 (0.62) -1.25 (0.56) 0.20 -1.42 ( 1.21) 0.13

anxiety -0.14  (0.43) -0.04 (0.45) 0.28 -1.43 (0.73) 0.04
social relating disturbance 0.13 (0.50) 0.86 (0.55) 0.25 0.92 (0.54) 0.06

SEM = standard error of mean; TPBS - total behavior problem score; VOG= Questionnaire on 
Development and Behavior; value in bold is p-value <0.05. 
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Figure 2. A & B: concentration of GAGs in urine in individual patients during the study. (A: Group 
1; B: Group 2). Vertical dashed lines denote the wash-out period. Horizontal dashed lines mark the 
reference range. C: Mean change in GAGs concentration during placebo and genistein treatment 
with 95% confidence interval (* p < 0.05). D & E: HS concentration in plasma in individual patients 
during the study (D: Group 1; E: Group 2). Vertical dashed lines mark the wash-out period; horizontal 
dashed lines mark the reference range. F: Mean change in HS in plasma during placebo and genistein 
treatment with 95% confidence interval (* p < 0.05).

49



CHAPTER THREE

small but significant reduction in urinary excretion of GAGs and plasma HS concentration. 
However no significant effects on clinical signs and symptoms were detected. 

The open-label design of the study of Piotrowska and collegues 22 on efficacy of genistein 
in MPS III precluded firm conclusions; however, it brought hope to the families of patients and 
many patients were put on genistein which is readily available as an over the counter food 
supplement. We now demonstrate that genistein indeed has the ability to reduce the levels of 
biochemical markers of the disease in plasma and urine in MPS III patients. 

A large interindividual variability in urinary GAG excretion and in plasma HS concentration 
was found (Table 1), while the observed changes over time are relatively small. This means 
that the statistical test comparing the difference in slope between genistein treatment and 
placebo has low power to detect a difference, resulting in no significant differences in slopes 
for the decline in GAGs and plasma HS between genistein and placebo (Tables 3 and 5). In 
contrast, when testing whether the slopes for the decline in urinary GAGS and plasma HS 
per month of use differs from zero, which is a within-patient effect, the statistical test has 
relatively more power, demonstrated by the significant decline in urinary GAGS and plasma 
HS on genistein and not on placebo (p = 0.02 and 0.01 respectively, Tables 3 and 5).

Despite this biochemical response, and in contrast to the results of the study 
by Piotrowska and collegues 22, our study failed to demonstrate clinical efficacy as no 
significant changes in behavioral assessment were observed, at least in the placebo 
controlled part of the study.  This lack of clinical efficacy is also reflected by the fact that 
parents or care-givers were not able to predict correctly in which of the 2 periods of 
the cross-over trial patients used genistein or placebo. The extension phase of the study 
revealed a significant improvement on the anxiety scale compared to baseline. However, 
as this was only detected in this open-label part of the study, a placebo effect cannot 
be ruled out. An effect of continuous treatment with genistein, only observed after 12 
months, is an alternative hypothesis. 

 Another, very recently published and again open-label study on the efficacy of 
5 mg/kg/day of genistein in 19 children with MPS III, also failed to demonstrate clinical 
efficacy, measured by a specially designed MPS III disability scale 27.  In addition, no decrease 
in GAGs in urine was detected. The fact that our study shows that genistein significantly 
decreases both urinary excretion of GAGs as well as plasma HS levels can be due to the higher 
dose of genistein used by us and to the more robust design of our study including more 
patients and data points, allowing a more accurate and sensitive mixed models statistical 
analysis. However, the mean decline in biochemical markers as result of genistein treatment 
observed by us is small relative to the mean values in the untreated patients, and values 
after 12 months of treatment are still within the range as observed in untreated patients. 

Finally, our study did not show improvement in hair morphology on 10 mg/kg/day 
genistein in contrast to both studies using 5 mg/kg/day 22,27. This can be due to the double 
blinded design of our study but also to the fact that we studied hair morphology only 
after 6 months of genistein in contrast to 12 months in both open-label studies. A slow 
response of hair morphology to genistein can therefore not be excluded.
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Our study has several limitations. First, the primary endpoints are biochemical.  
Although urinary levels of GAGs have been used as endpoint in phase III studies on 
intravenous enzyme replacement therapy in MPS I, MPS II and MPS VI 28-30, it has not 
been established if urinary GAGs correlate with clinical severity and disease progression 
in MPS III. HS concentration in CSF might be a better biomarker. In addition, as the 
pathophysiology of brain disease in MPS III is complex and involves both loss of neurons 
and neuroinflammation, other CSF markers of brain disease, e.g. microtubule-stabilizing 
protein tau for axonal degeneration and CSF-specific oligoclonal IgG or IgM bands 
for neuronal inflammation 31, might be better markers in therapeutic trials in MPS III. 
However, repeatedly obtaining CSF can only be done under general anesthesia in patients 
with MPS III, and this was considered not feasible in our study. Establishing clinical efficacy 
of a potential disease modifying treatment in MPS III is difficult, because it is a very rare 
disorder characterized by variable rates of cognitive decline. In addition, many patients will 
already have significant and probably irreversible brain disease at the time of inclusion in 
a trial, which was also the case in our study. Only large scale multicenter studies will allow 
recruitment of sufficient numbers of patients with still relatively preserved cognition, 
making the use of the rate of cognitive decline as primary efficacy outcome feasible. 

Second, we decided to study potential side effects of genistein only by clinical reporting 
and assessment based on the favorable safety profile in animal studies and in humans. No 
potentially drug related adverse events were observed in our study. However, when using 
substantially higher doses of genistein more stringent safety assessments will be needed 
as genistein, a phytoestrogen, may bind to estrogen receptors, thus interfering with the 
normal biological effects of estrogens.

Third, the length of treatment in our study might be too short to detect a slowing 
down of disease progression and the dose of genistein used might be too low to 
achieve sufficient concentrations in the CNS for inhibition of HS synthesis. Indeed, the 
decline of HS in plasma and GAGs in urine continued over time, suggesting that longer 
treatment with genistein might be more effective.  We chose to use genistein at a dose 
of 10 mg/kg/day. This was based on the previous open-label study suggesting efficacy 
at a dose of 5 mg/kg/day and the fact that doses higher than 10 mg/kg/day using 
genistein rich soy isoflavone extracts are probably not feasible. In our study, patients 
weighing 30 kg had to take 5 relatively large tablets per day. In patients with MPS III with 
cognitive impairment and often severe behavioral disturbances, administering higher 
number of tablets will be challenging.  Nevertheless, recent studies in the MPS IIIB 
mouse revealed increasing efficacy of genistein over time as well as an important dose 
response relationship.  In an initial study in MPS IIIB mice, using genistein aglycone, the 
active hydrolyzed form of genistein and less susceptible to degradation by gut bacteria, 
at doses of 0, 5, 15, 50, 160 mg/kg/day for a period of 8 weeks decrease in size of the 
lysosomal compartment in liver was observed in all doses with a significant dose response 
relationship in total liver GAGs content and hair morphology 32. However, no changes in 
brain pathology were observed.   A more recent study, using genistein aglycone at the 
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highest dose of 160 mg/kg/day (i.e. a dose 16 times higher than that used in our trial) 
for a period of 9 months, resulted in a significant reduction of biochemical abnormalities 
in the cerebral cortex and hippocampus of the MPS IIIB mice and decreased neuronal 
inflammation 33. In addition, a significant improvement of behavioral abnormalities was 
observed, demonstrating clinical efficacy of genistein in this mouse model. 

In conclusion, by using a robust study design we were able to demonstrate a 
significant, but small, decrease in urinary excretion of GAGs and plasma HS concentration 
in MPS III patients in response to 10 mg/kg/day of genistein from a soy isoflavone extract. 
Our study, however, failed to detect a clinical response during the placebo controlled 
phase of the study which is probably due to the dose used, which may have been too 
low to achieve efficacy. We therefore conclude that the currently available and widely 
used genistein supplements are probably unable to significantly change the course of the 
disease, although clinical efficacy during longer-term exposure cannot be fully excluded. 
Our results support the initiation of clinical trials using higher doses of genistein, probably 
in the form of highly purified or synthetic genistein aglycone, with long term follow up, in 
order to establish its potential clinical efficacy in patients with Sanfilippo disease.
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