
Layout and XML SciELO Publishing Schema: www.editoraletra1.com.br | letra1@editoraletra1.com.br

This article is distributed under the terms of the Creative Commons Attribution 4.0 License (http://www.creativecommons.org/licenses/by/4.0/) which permits any
use, reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SciELO and Open Access 
pages (http://www.scielo.br/jiems/).

Original Article

Journal of Inborn Errors  
of Metabolism & Screening 
2021, Volume 9: e20200023 
DOI: https://doi.org/10.1590/2326–4594–
JIEMS–2020–0023

1 Universidad de los Andes, Biochemistry Research Center, Bogotá, Colombia

Received November 20, 2020, and in Revised form February 14, 2021. Accepted 
for publication March 10, 2021.

Corresponding Author:
Johana Ramírez Borda, Universidad de los Andes, Biochemistry Research 
Center, Bogotá, Colombia.

Email: johannaramirez2754@gmail.com

Determination of Reference Values for 
Alpha-N-Acetylglucosaminidase Activities 
in Patients with Sanfilippo Type B Disease 
and Control Population in Colombia

Johana Ramírez Borda1  and Alfredo Uribe-Ardila1

Abstract
Sanfilippo B is a lysosomal disorder characterized by the pathological accumulation of heparan sulfate. It is caused by mutations 
in the NAGLU gene that codes for the alpha-N-acetylglucosaminidase enzyme. The objective of this study was to determine the 
reference values and frequency of Sanfilippo B in Colombia through an enzyme analysis of leukocytes extracts. We aim to inform 
the community and the health system so that they can work in a preventive way, providing an early diagnosis of patients and thus 
providing an appropriate management of the symptoms. We carried out an endpoint assay that indirectly quantifies NAGLU 
activity through the cleavage of 4-methylumbelliferone from the 4-methylumbelliferyl-2-acetamido-2-deoxy-α-D-glucopyranoside 
substrate. The activity of 463 healthy volunteers (Range: 0.6  -  4   nmol/mg/h , Median:  1.69   +/-   0.73 ) as well as 462 patients referred 
for clinical suspicion, was calculated. From the last group, 7 cases turned out to be positive (Range:  0  -  0.24   nmol/mg/h , Median: 
0.13   +/-   0.09 ). The cut-off point according to ROC analysis between affected patients and controls was 0.42 nmol/mg/h. To our 
knowledge, this study is the first in Colombia where an estimated frequency of Sanfilippo type B is calculated by providing enzyme 
activity ranges and a cut-off point.
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Introduction

Mucopolysaccharidosis (MPS) are a group of lysosomal 
disorders where the abnormal and pathological accumulation 
of a partially degraded glycosaminoglycan (GAG) is observed. 
In consequence, the subtype of MPS and the corresponding 
clinical manifestations are determined by the enzyme that is 
affected or absent in the degradation pathway of a certain GAG.
[1] Currently, a total of 7 subtypes of MPS are known, which are 
caused by deficiencies of 11 enzymes. It is also known that each 
type of GAG tends to accumulate to a greater extent in certain 
organs, and thus, gives rise to a particular set of symptoms. For 
example, heparan sulfate (HS) accumulation produces mostly 
neurological symptoms and is involved in MPS I, II, III and 
VII[2]; keratan sulfate is related to corneal opacity and skeletal 
alterations observed in MPS IV[2]; chondroitin sulfate is the 
common GAG found in MPS IVA, VI[3] and VII[4,5]; and 
dermatan sulfate, observed in MPS I, II and VI[2,6], has been 
shown to be responsible for cardiopathies[2], abnormal cartilage 
matrix homeostasis[7] and impaired elastic fiber assembly.[8]

MPS III, also called Sanfilippo disease, is one of the MPS 
disorders. It stands out among the other MPS disorders because 
the central nervous system (CNS) is highly affected, while the 
somatic component is minimal. It is inherited in an autosomal 
recessive manner[9] and one of its indicators is the accumulation 
of HS. When the HS degradation is affected, it begins to 
accumulate in lysosomes and therefore within cells, affecting 
multiple organs and systems, and causing its excessive excretion 
in the urine. The first manifestations of this disease involve the 
appearance of mildly dysmorphic facial features, developmental 
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delay and speech impairment.[9] These symptoms are usually 
followed by severe behavioral problems, which occur between 
3 and 5 years of age, and include hyperactivity, anxiety, and 
destructive or aggressive behaviors. As the MPS III progresses, 
the cognitive decline accelerates until the patient is bedridden 
or even in a vegetative state, which significantly reduces the life 
expectancy and quality of life.[10] 

Sanfilippo disease is divided into 4 subtypes (A, B, C and D), 
each one characterized by the deficiency of a different lysosomal 
enzyme, but all of them being involved in the catabolism of the 
HS. More specifically, Sanfilippo type B or MPS III B (OMIM 
# 252920) is caused by mutations in the NAGLU gene which 
codes for the enzyme alpha-N-acetylglucosaminidase[11] or 
also called NAGLU (EC 3.2.1.50). This gene is known to reside 
at position 21.2 of the long arm of chromosome 17 and to be 
approximately 8.2kb in length.[12] According to an update in 
the NCBI database in October 2019, it has been reported that 
NAGLU (gene ID: 4669) has 7 exons instead of 6. More than 170 
mutations have been reported, and the majority are located in 
the last exon[13,14], which is known to have the greatest length 
(1210 bp) compared to the others (382 bp, 56 bp, 147 bp, 146 bp, 
85 bp, and 256 bp respectively). 

The diagnosis of this disease begins with the medical 
observation of the first clinical symptoms, which occurs when 
the parents of the patient start to identify those signs and decide 
to see a doctor. However, this first attempt is usually hampered 
since some of the symptoms can go unnoticed or be confused 
with others belonging to more common diseases.[10] Following 
the medical examination, it is recommended to quantify and 
analyze the presence of GAGs in the urine. This process can be 
carried out by the implementation of low sensitivity methods, 
such as: turbidity tests, which rely on the interaction between 
GAGs and a cationic detergent or albumin;[15] the berry 
test, in which dried urine spots are commonly stained with 
toluidine blue to detect metachromatic staining of urinary 
acid mucopolysaccharides;[16] and the precipitation of uronic 
acids with carbazole.[17] However, the first two techniques 
have caused false-negative results in Sanfilippo and morquio 
diseases.[18] Also, there are more sensitive and commonly used 
techniques such as dimethylmethylene blue staining[19] and 
even spectrophotometry.[10] However, these tests require a 
considerable volume of urine and the results are highly dependent 
on the urine’s pH and concentration.[20,21]

A definitive diagnosis requires the quantification of the 
enzyme activity in cell extracts such as fibroblasts or leukocytes.
[19] This method is the gold standard, because it allows the type 
of MPS (III, for example) and also the corresponding subtype 
(A, B, C, or D) to be identified, since it assesses the specific 
enzyme involved in each case. To do so, it is necessary to use an 
artificial substrate labeled with a fluorogenic compound, such 
as 4-methyl-umbelliferone.[10] A labeled substrate allows for 
the determination of the enzyme’s activity through cleavage 
of the substrate liberating the fluorophore that can then be 
measured.[10]

The diagnosis of MPS in Colombia starts with medical 
assessment and continues with the performance of medical 
tests that evaluate the biochemical profiles of urine, cell 
extracts, and dried blood spots (DBS).[22,23] These analyses 
give information about GAGs storage and enzyme activity, but 
they need to be carried out in specialized laboratories, which 
are not commonly found across the country. The first screening 
study for mucopolysaccharide metabolism disorders in Colombia 
was not carried out until 2002 by our laboratory, and it involved 
140 individuals with clinical suspicion of MPS.[24] 

To date we have not found confirmatory enzyme studies 
for Sanfilippo type B disease in Colombia. This is a problem 
since there is not much information about the frequency of the 
disease within the Colombian population and therefore it is 
an underestimated condition. The main objective of this work 
is to characterize the presence of Sanfilippo type B disease in 
Colombia through a NAGLU enzyme analysis in leukocytes 
extracts. We hope that by screening patients with clinical 
suspicion of MPS in Colombia, we can contribute to the early 
diagnosis of this disease and alert the community and the 
government about its presence. We know that if an accurate 
and prompt diagnosis is provided, this will benefit the health 
system, and most importantly, this will aid in the management 
of patients’ symptoms, which will improve their quality of life.

In this report, we determined the reference range for NAGLU 
activity, we found the percentage of positives within the analyzed 
sample and we established a cut-off point which will allow the 
medical community to differentiate between healthy volunteers 
(HV) and patients affected by MPS IIIB.

Methods

Sample Collection

The first study group consisted of a sample of 468 HV, comprised 
of individuals between 0.5 and 70 years of age, who were not 
clinically defined for MPS. These volunteers signed informed 
consent forms and agreed autonomously to provide a blood 
sample of 10 ml (venipuncture). The second group consisted 
of 462 high-risk (HR) patients, whose samples were submitted 
from different regions of Colombia and were referred to the 
Biochemistry Research Center (CIBI) due to clinical suspicion 
of MPS. The age range for this group was between 0.4 and 38.5 
years. In both cases, the samples were collected between the 
years 2015 and 2019.

Enzyme Activity Test

The test was based on the protocol proposed by Shapira et 
al.[25] and consisted of a fluorometric endpoint assay, which 
indirectly evaluated NAGLU activity through the release of 
4-methylumbelliferone. To carry out the analysis of the enzyme 
of interest, 4-methylumbelliferyl -2-acetamido-2-deoxy-
alpha-glucopyranoside was used as the substrate. Likewise, 
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4-methylumbelliferyl-D-Galactoside was used for the analysis 
of the control enzyme β-galactosidase (see Table 1). As a 
fluorescence calibrator, 4-methylumbelliferone (4-MU) was 
used. All substrates and reagents were obtained from Sigma 
(St. Louis, MO, USA) and are listed in Table 1.

The assays were carried out in 96-well black polypropylene 
microplates sealed with aluminum foil sheets, to avoid 
evaporation of the samples during incubation (Corning Lowell, 
USA). Both the elution and the incubation required the use of an 
orbital shaker (Titramax 1000 or Unimax 1010, Heidolph group, 
Schwabach, Germany). A Spectramax M2 (Molecular Devices 
Corp) was used to read fluorescence at the end of each assay.

Following the guidelines in Table 1, the NAGLU activities 
of 468 HV and 462 HR patients, were determined in duplicate. 
The amount of protein in each sample was also determined 
in duplicate once with the method of Lowry et al.[26] and the 
other with the BCA Protein Assay (Thermo Scientific, Rockford, 
USA). Based on the calibration curve for 4-MU and the protein 
quantification of each sample, the enzymatic activity was 
expressed in nanomoles of degraded substrate per milligram 
of protein per hour (nmol/mg/h). 

Statistics

The statistical analysis, was carried out using Minitab 17, 
Microsoft Excel, and the IBM SPSS Statistic 19 statistical package 

provided by the Statistical Package for the Social Sciences 
software IBM SPSS Statistic Inc. SPSS19 (Chicago, Illinois, 
USA). The Shapiro-Wilk test was used to determine whether 
the data follow a normal distribution, and the Mann-Whitney 
test was applied to check if there was a significant difference 
between the study groups. The graphs were made with GraphPad 
Prism software, and the calculation of the cut-off point (to 
discriminate HV from the affected patients) was calculated using 
the Receiver Operating Characteristics (ROC) curve analysis, 
also from SPSS software. 

Results and Discussion

The enzymatic analysis of both groups (HV and HR) yielded the 
activity values   and the distributions in Figure 1. In accordance 
with this figure, the Shapiro-Wilk normality test showed that, 
despite the size of the samples (463 and 462 individuals), no 
set of data follows a normal distribution; on the contrary, they 
show a certain degree of positive asymmetry. After performing 
an outlier test, 5 values   were discarded from the HV group, 
while the outliers for the HR group were not eliminated (see 
orange arrow in Figure 1), because the overexpression of NAGLU 
may be a risk indicator of other conditions. Even though these 
patients do not suffer from Sanfilippo type B, they could be 
overexpressing NAGLU as a compensatory mechanism if they 

Table 1. Reagents and conditions used to estimate NAGLU activity.[25]

Enzyme Reaction buffer Substrate Incubation time / T ° Stop buffer

alpha - N -acetylglucosaminidase Citrate phosphate 0.2 M, 
pH 4.3

4-Methylumbelliferyl-2-
acetamido-2-deoxy-alpha-

glucopyranoside
2 h / 37 ° C Glycine carbonate 0.17 M, 

pH 10

β-Galactosidase Citrate Phosphate 0.1 M, 
pH 4.4

4-Methylumbelliferyl 
-D-Galactoside, 0.8 mM 20 min / 37 ° C Glycine carbonate 0.17 M, 

pH 10

Figure 1. On the left, in green, the distribution of NAGLU activity in healthy volunteers is shown. On the right, in blue, the distribution of 
NAGLU activity for patients remitted for clinical suspicion of MPS. The grey arrow highlights the 7 patients found to be affected by Sanfilippo 
disease, while orange arrow represents patients with overexpression of NAGLU. 
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have a deficiency of another lysosomal enzyme or, they may 
suffer from another disease/condition. For example, lysosomal 
acid lipase has shown to be overexpressed in atherosclerosis[27] 
and β‐hexosaminidase has been detected at a twofold increase 
in conditioned media containing overexpressed pro-IGF -II.[28] 
It may also be possible that some patients overexpress NAGLU 
because HS is being abnormally accumulated in the body, due 
to other pathologies.[29,30] 

To discard experimental error as a cause of the elevated 
values, we assessed the quality of these samples according to the 
activity obtained for the control enzyme, β-Galactosidase. We 
found that all data was within the range of reference (80.1 to 557 
nmol/mL/h) established by Uribe et al.[31] in a previous report 
on this enzyme in Colombia, so this possibility was discarded.

Figure 2 demonstrates the high rate of outliers for the high-
risk patients compared to the healthy population. This fact 
suggests that, although these patients are not positive for MPS 
III B, we highly recommend the analyses of the activities of other 
enzymes involved in the HS degradation pathway, or the activities 
of enzymes deficient in pathologies with similar symptoms. 
Figure 2 also shows that there is no significant difference in 
terms of median and standard deviation (HV: 1.69 +/- 0.73 
nmol/mg/h vs HR: 1.70 +/- 0.91 nmol/mg/h) between control 
and high-risk groups. This result was supported by the Mann 
Whitney test in which the P-value of 0.91 indicated that these 
two samples are not significantly different. 

Continuing with the statistical analysis, we found that 7 
of the 462 patients referred for clinical suspicion of MPS III B 

were positive for this disease. The enzyme activity values for 
these patients can be seen on the left side of the distribution, 
corresponding to the lowest values compared with the rest 
of high-risk patients. The maximum value found in affected 
individuals was 0.24 nmol/mg/h (see gray arrow in Figure 1). 
Similar values have been obtained in affected patients by 
Marsh[32] who reported 0.32 nmol/mg/h in leukocytes, and 
by Meijer[33] who described a median activity of 0.17 nmol/
mg/h and 0.27 nmol/mg/h for the severe phenotype and less 
severe phenotype, respectively, in fibroblasts. 

Based on the values obtained, we established that the range 
of activity for the affected population is between 0 and 0.24 
nmol/mg/h (Median: 0.13 +/- 0.09 nmol/mg/h), while the range 
of the healthy group is between 0.6 and 4 nmol/mg/h (Median: 
1.69 +/- 0.73 nmol/mg/h). The median for the last group is also 
similar to that reported by Marsh[32] which was 1.63 nmol/
mg/h in leukocytes.

We found that 1.52% of referred patients were actually 
positive. This fact explains why the medians of the HR and 
HV groups are so similar since the majority of the population is 
not affected (and therefore their enzymatic activities are within 
the normal range). 

Comparing HV and affected, we observed that 100% of the 
positive patients’ activities were below 0.24 nmol/mg/h and 
that only 5% of the healthy volunteers’ activities were below 0.8 
nmol/mg/h (with a minimum value 0.6 nmol/mg/h). In patients 
in the HR population who were MPS III B negative, 0.47 nmol/
mg/h was found to be the closest value to those from affected 
patients. These comparisons made it possible to identify an 
area where there is no overlap of enzymatic activity between 
the study groups and, above all, they provide evidence that the 
enzymatic activity of those affected is quantitatively separated 
from the rest of the population. 

A P-value <0.0001 was obtained from a Mann-Whitney 
test between control and affected patients, (see Table 2). The 
results indicate that the activities between these study groups 
are significantly different and, primarily, that the implemented 
methodology correctly represents the patient’s condition. This 
fact was corroborated with a Kruskal-Wallis multiple comparison 
analysis between affected vs. HV (p-value <0.0001) and affected 
vs. HR (p-value <0.0001) (Table 2). 

Figure 3 shows the cut-off point obtained after successfully 
performing the ROC curve using the SPSS software. Based on 
this analysis of the Colombian population, the cut-off point when 
testing NAGLU deficiency in leukocyte extracts was established 
to be 0.42 nmol of degraded substrate per milligram of protein 
per hour (99% confidence, 100% sensitivity, and 100% specificity). 
This value is similar to the one obtained by Meijer[33] which 
was 0.58 nmol/mg/h in fibroblast, and to the one reported by 
Civallero[34] which was 0.48 nmol/ml/h in dried blood filter 
paper samples. In our case, all enzyme activity values found to 
be equal to or less than 0.42, were considered positive and the 
result was confirmed by performing the Gold standard test in 
cell extracts a second time. 

Figure 2. NAGLU activity in leukocyte extracts. Green represents 
healthy volunteers and blue represents high-risk patients who were 
remitted for clinical suspicion of MPS.
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Table 2. Reference values   for the enzymatic activity of controls and affected groups using the standardized technique on leukocyte extracts 
for MPS III B. 

NAGLU na Age (years) Range of activity 
(nmol/mg/h) Median +/- SD P-valueb Cutoff pointc

Normal controls 463 0.5 - 70 0.60 - 4.00 1.69 +/- 0.73 <0.0001
Mann-Whitney test

0.42 
nmol/mg/hAffected 7 2.9 - 16.7 0.00 - 0.24 0.13 +/- 0.09

a The results for the Shapiro-Wilk normality test with the indicated sample sizes were: Normal Controls p <0.0001 and Affected p <0.0001 (95% confidence). 
Neither group follows a normal distribution.
b P-value corresponding to the non-parametric Mann-Whitney test comparing the enzyme activity values   of normal controls and affected patients.
c Obtained through ROC, based on the comparison between affected and normal controls (99% confidence, 100% sensitivity, and 100% specificity).

Figure 3. Cut-off point for NAGLU activity test in leukocyte 
extracts calculated using ROC analysis (99% confidence, 100% 
sensitivity, and 100% specificity). If the result of the confirmatory 
test is equal to or lower than 0.42 nmol/mg/h, the patient will 
be considered as affected and the result should be checked by 
performing the test once again. 

The total number of live births in Colombia during the time 
period of the study (2015-2019) was 3,256,999.[35] This value 
allowed us to calculate a frequency for Sanfilippo type B disease 
of approximately 0.15 per 70,000 inhabitants. Our reported 
frequency is lower than that reported in a study by Zelei et al. 
(around 1 in 70,000 live births)[9], because they refer to the total 
of Sanfilippo diseases (A, B, C and D), while our calculation 
provides more specific information by referring to Sanfilippo 
type B only. There is a previous report of this disease in Colombia. 
Gomez and co-workers (2012) found an estimated Sanfilippo 
frequency of 0.17 per 100,000 live births in two specific regions 
of the country: Cundinamarca and Boyacá.[36] We think our 
result is slightly higher (0.21 per 100,000) since they analyzed 
only a specific region, while we assessed samples submitted 
from all over the country. However, the discrepancy may also 
be caused by the fact that we analyzed a later period of time and 
the number of cases might be increasing. In any case, frequency 
values are expected to vary according to the geographical region 
under study[9] and therefore it is recommended to conduct 
studies of this type in each region of interest. 

Conclusions 

To our knowledge, this is the first study in Colombia that reports 
reference values   for NAGLU enzyme activity in leukocyte 
extracts, while giving information about an estimated frequency 
of Sanfilippo type B disease. By assessing both study groups 
(463 healthy volunteers and 462 patients referred for clinical 
suspicion of MPS III B), it was possible to make a contribution to 
the definitive diagnosis test of Sanfilippo type B in our country. 
We found that approximately 1.52% of the analyzed samples 
were positive, and this gave rise to an estimated frequency of 
0.15 per 70,000 live births. 

Using an end-point fluorometric assay, which indirectly 
measures NAGLU activity, we found that there is indeed a 
significant difference between these values in controls and 
affected patients. It was also possible to calculate a cut-off point 
of 0.42 nmol/mg/h for NAGLU deficiency in leukocyte extracts 
through the ROC analysis (99% confidence, 100% sensitivity, 
and 100% specificity). In the case of obtaining a value equal to 
or lower than this cut-off point, it is assumed that the patient 
is affected by Sanfilippo type B disease, and the result must be 
confirmed by performing the same test again, with a new sample. 

Finally, the results proved that the assay can be widely used 
in our country or within the group of high-risk patients since it 
correctly discriminated between both study groups and proved 
to be reproducible. We hope to increase the rate of Sanfilippo 
type B diagnosis, as well as the information about its incidence 
in Colombia, so we expect that this technique and the study 
itself, will be helpful to our health system, fellow researchers 
and patients. 
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