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alleles and 374 (79.2%) normal alleles were identified, with 
41.5% of the individuals heterozygous for the p.H178L muta-
tion and 58.5% homozygous for the normal allele. A signifi-
cant number of other family members with a 50 or 25% 
chance of being heterozygous for the p.H178L mutation 
were unavailable for testing. The data indicate a compelling 
case for community-based neonatal screening in conjunc-
tion with further initiatives among MPS VI family members to 
promote genetic education and genetic counselling. 

 © 2014 S. Karger AG, Basel 

 Introduction 

 Mucopolysaccharidosis type VI (MPS VI; Maroteaux-
Lamy syndrome; OMIM 253200) is a lysosomal storage 
disease caused by a deficiency of arylsulfatase B (ARSB, 
N-acetylgalactosamine-4-sulfatase), which is required for 
the degradation of dermatan and chondroitin sulfates  [1] . 
A deficiency of ARSB causes the accumulation of partial-
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 Abstract 

 Mucopolysaccharidosis type VI (MPS VI – Maroteaux-Lamy 
syndrome) is a globally rare lysosomal storage disease caused 
by a deficiency of arylsulfatase B. However, in Monte Santo, a 
poor and isolated rural region in Northeast Brazil with large 
family sizes and high rates of community endogamy and pa-
rental consanguinity (α = 0.00483), 9 living and 4 now de-
ceased individuals in 11 kindreds have been diagnosed with 
MPS VI, all with the same p.H178L missense founder muta-
tion. A further 33 deceased persons have been identified by 
family members as exhibiting the disease phenotype. De-
tailed pedigrees were constructed for the 13 genomically 
confirmed MPS VI patients, with blood samples collected 
from 236 unaffected family members to determine the prev-
alence of the p.H178L mutation. A total of 98 (20.8%) mutant 
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ly degraded glycosaminoglycans in the lysosomes of a 
wide range of tissues, resulting in chronic progressive 
changes involving multiple organ systems and with death 
commonly occurring during the first two decades  [2] .

  The disorder is, however, clinically heterogeneous and, 
in a minority of patients, the disease progression is slow 
with fewer systems implicated and mild or attenuated 
symptoms. The characteristic skeletal dysplasia includes 
short stature, dysostosis multiplex, and degenerative joint 
disease. Other clinical findings may include cardiac valve 
disease, reduced pulmonary function, hepatosplenomeg-
aly, sinusitis, otitis media, hearing loss, sleep apnea, cor-
neal clouding, carpal tunnel disease, and inguinal or um-
bilical hernia  [3, 4] . The isolation and characterization of 
human  ARSB  cDNA  [5, 6]  and partial elucidation of the 
gene structure  [7]  have allowed the identification of caus-
ative molecular defects. Human  ARSB  is 209 kb long
(genome.ucsc.edu), comprising 8 exons ranging in size 
from 71 to 885 bp, and the nascent polypeptide has 533 
amino acids  [8] . Some 140  ARSB  mutations have been de-
scribed so far, and a number of polymorphisms have also 
been identified in the gene sequence  [9, 10] .

  Hematopoietic stem cell transplantation has been em-
ployed for the treatment of MPS VI with variable success 

 [11] . An efficient and specific treatment based on enzyme 
replacement therapy (ERT) is, however, available  [12, 
13] , and the successful adoption of ERT in patients with 
MPS VI has now been reported in many countries  [3, 14] . 
It has also been demonstrated that early initiation of ERT 
offers significant advantages in slowing or even prevent-
ing the development of significant pathological changes 
 [15, 16] .

  The municipality of Monte Santo in Northeast Brazil 
is located approximately 350 km from Salvador, the capi-
tal of the state of Bahia and, according to the 2010 Census 
of Brazil  [17] , it had 52,338 inhabitants, with approxi-
mately 20% of the population resident in the town of 
Monte Santo itself and the remaining 80% dispersed 
across some 200 villages, a number of which are geo-
graphically remote ( fig. 1 ). As in other states of Northeast 
Brazil, e.g. Rio Grande do Norte and Paraíba  [18, 19] , 
there is a strong tradition of community endogamy and 
consanguineous marriage, in part due to geographical 
and social isolation. To date, 13 cases of MPS VI, 9 living 
and 4 now deceased, have been confirmed by clinical ex-
amination and genomic analysis, and each of these pa-
tients was shown to be homozygous for the  ARSB  p.H178L 
missense mutation. The results are strongly suggestive of 
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  Fig. 1.  Geographical location of Monte Santo (state of Bahia, Brazil). 
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  Fig. 2.  Pedigrees of MPS VI kindreds:  a–i  kindreds 1–9. 
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a founder effect that has resulted in a high frequency of 
the p.H178L mutation in this mainly rural area  [20] , an 
opinion strongly supported by the detailed genealogical 
data collected as part of the present investigation ( fig. 2 ).

  Efficient and cost-effective screening of p.H178L ho-
mozygotes and heterozygotes in Monte Santo is possible 
since the mutation is readily detected by restriction frag-
ment length polymorphism (RFLP)  [20] . The principal 
aim of the present study was to determine the incidence 
of the  ARSB  p.H178L mutation in relatives of the 13 
known MPS VI patients from Monte Santo and, on the 
basis of the results, to provide genetic counselling to af-
fected families and genetic education programs to the 
wider community.

  Materials and Methods 

 Study Sample 
 Since 2006 the research team has undertaken 8 trips to Monte 

Santo. As part of each visit, blood samples (n = 236) were collected 
from the relatives of individuals diagnosed with MPS VI to iden-
tify people heterozygous for the  ARSB  p.H178L allele or at substan-
tial risk of being carriers, as well as their partners and any progeny 
over 18 years of age. All participants gave written informed con-
sent approved by the ethics committees of the institutions involved 
in the project. Based on the information provided by family mem-
bers, a comprehensive genealogy was created and extensive pedi-
grees were constructed.

  Mutation Detection 
 Mutation detection followed the protocol described by Costa-

Motta et al.  [20] . Genomic DNA was obtained using the salting-out 
precipitation technique  [21] , with amplification of exon 3 ′  of the 
 ARSB  gene by polymerase chain reaction (PCR). PCR amplifica-
tion was performed in final volumes of 25 μl with 2 m M  MgCl 2 ,
1 m M  of each dNTP, 10 pmol of each primer, 2.0 μl of DMSO 100%, 
1× PCR buffer, 1 U of Taq DNA polymerase (Super-Therm and 
Invitrogen), and 100–200 ng of genomic DNA. The reactions were 
subjected to 5 min of initial denaturation at 94   °   C, and 30 cycles of 
denaturation at 94   °   C for 40 s, annealing at 47   °   C for 40 s, and elon-
gation at 72   °   C for 40 s, with a final extension step at 72   °   C for 10 
min. The primers used to amplify the exon were the same as de-
scribed by Petry et al.  [22] , and the PCR products were analyzed in 
1.5% agarose gels containing ethidium bromide.

  After the amplification by PCR, the products were subjected to 
RFLP analysis with the  Hsp 92II enzyme. Restriction enzyme incu-
bations were set for 30-μl reactions with 3 μl of 10× buffer, 0.5 μl 
of enzyme (5 U), and 10–20 μl of PCR product (depending on the 
intensity of the band after amplification). Milli-Q water was used 
to make up the rest of the volume for the reaction. Incubations 
were carried out overnight at 37   °   C, and the resultant fragments 
were visualized in a 3% agarose gel containing ethidium bromide.

  Pedigrees 
 Detailed pedigrees, which included all individuals sampled and 

their close family members, were constructed using the program 
GenoPro ®  2011 (version 2.5.3.2). CFC software (Contribution, In-
breeding (F), Coancestry – release 1.0, April 2006) was used to 
calculate the mean coefficients of inbreeding (α). To facilitate data 
interpretation and taking into account the close relationship of 
some index cases, the 11 kindreds with affected members were 
grouped into 9 pedigrees ( fig. 2 ). In all pedigrees, individuals rep-
resented by black symbols were analyzed by RFLP. Those repre-
sented by grey symbols were unavailable for analysis, either be-
cause they were under 18 years of age or they were no longer resi-
dent in the state of Bahia. MPS VI patients are represented by 
completely filled symbols, while individuals heterozygous for the 
 ARSB  p.H178L allele are shown with a central dot within the
symbol.

  Genetic Counselling 
 Pre- and post-test genetic counselling was conducted by trained 

staff, i.e. physicians and psychologists, who provided advice and 
support to individuals, couples, and families. Information was pro-
vided on the implications of the test for the p.H178L allele, the 
possible genotypes that may be identified and their clinical sig-
nificance, and the chances of having an affected child when both 
parents are heterozygous for the disease mutation.

  Results 

 Of the 9 living patients with MPS VI in Monte Santo, 
7 were males and 2 were females. They were between 4 
and 23 years of age, and all of them were homozygous for 
the p.H178L missense mutation. The 4 deceased Monte 
Santo patients, 2 males and 2 females, were between 7 and 

Table 1.  Clinical profile of the MPS VI patients

Patients Gender Year of
birth/death

Age at onset,
months

Start of
ERT

1a M 1997 1 2008
2a M 2000 12 2008
3 M 2004 5 2008
4b M 2001 at birth 2008
5b M 2008 12 2008
6 M 2007 15 2010
7 F 2008 10 2010
8 M 2005 2 2009
9 F 1989 NI

10 M 1987/2006 NI
11 F 1998/2008 NI
12 F 2004/2011 at birth 2008
13 M 2000/2011 24 2008

Patients with identical superscripts are siblings. NI = No infor-
mation.
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19 years of age at their death and, prior to death, they had 
also been shown to be homozygous for the p.H178L mu-
tation ( table 1 ). By comparison, c.1533del23 has been re-
ported to be the most common MPS VI mutation else-
where in Brazil  [22, 23] . In addition to the 13 genomi-
cally confirmed cases, family members identified another 
33 deceased persons with the characteristic MPS VI phe-
notype who had died at between 1 and 24 years of age 
( table 2 ;  fig. 2 ).

  On the basis of the genealogical information provided 
by families, 1,413 individuals in Monte Santo were identi-
fied as being potential heterozygotes for the  ARSB  
p.H178L mutation. The mean coefficient of inbreeding 
determined from the overall genealogy was α = 0.00483. 
Of all alleles analyzed by RFLP (n = 472), 98 (20.8%) were 
p.H178L mutant alleles and 374 (79.2%) were normal al-
leles. Thus, 41.5% of the study group were heterozygous 
for p.H178L and 58.5% were homozygous for the normal 
allele.

  Kindred 1 ( fig. 2 a) 
 Besides patients Nos. 320 and 321, relatives reported 

the presence of another individual with MPS VI ( fig. 2 a: 
No. 488), but this first cousin had died prior to the com-
mencement of the study and blood could not be collected 
from her parents who now live in the metropolis of São 
Paulo, which is situated some 2,000 km from Monte San-
to. The couple in question has 2 other adult children, who 
also live in São Paulo, and if parental heterozygosity was 
confirmed, they would have a 50% risk of being carriers 
of the p.H178L allele. A number of individuals were iden-

tified in this kindred with a 25% chance of being hetero-
zygous for the p.H178L allele, but they could not be sam-
pled because they were under 18 years at the time of in-
vestigation. Several individuals who were not analyzed 
but may have an important role in the maintenance of the 
mutant allele in the region were omitted from the present 
pedigree due to sizing constraints, e.g. the 12 additional 
siblings of individual No. 422 and the 8 siblings of indi-
vidual No. 239 ( fig. 2 a), both of whom are heterozygous 
for the p.H178L allele.

  Kindred 2 ( fig. 2 b) 
 The complex inter-related nature of many of the pedi-

grees is illustrated by individual No. 240 who appears in 
the pedigree of kindred 1 as a grandmother of brothers 
Nos. 320 and 321 ( fig. 2 a) diagnosed with MPS VI and in 
the pedigree of kindred 2 as a paternal aunt of MPS VI 
patient No. 372 ( fig. 2 b). Molecular analysis was not pos-
sible for 6 individuals identified by relatives as having 
MPS VI ( fig. 2 b: Nos. 344, 345, 365, 367, 905, and 906) as 
they were already deceased. However, DNA was obtained 
from 2 couples ( fig. 2 b: Nos. 335 and 366, 407 and 898), 
who were the parents of some of these individuals ( fig. 2 b: 
Nos. 365, 367 and 905, 906), with parental heterozygosity 
for MPS VI confirmed. As in kindred 1, a number of per-
sons in kindred 2 with a 50% chance of being heterozy-
gous for the p.H178L allele could not be analyzed because 
they live in São Paulo. Due to sizing constraints, some 
individuals who have not been analyzed were omitted 
from  figure 2 b, e.g. the 7 additional siblings of individual 
No. 375 who is probably heterozygous for the p.H178L 
allele and the 3 siblings of individual No. 898 who was 
confirmed as heterozygous for p.H178L.

  Kindred 3 ( fig. 2 c) 
 Individual No. 408 appears in the pedigree of kindred 

2 as a maternal aunt of MPS VI patient No. 372 ( fig. 2 b) 
and in the pedigree of kindred 3 as a grandmother of MPS 
VI patient No. 1171 ( fig.  2 c). Heterozygous individual 
No. 362 ( fig. 2 c) is a sister of individual No. 311 in kindred 
2, and they have 2 brothers not included in the pedigree(s) 
who have a 50% risk of being heterozygous for p.H178L. 
As before, some individuals in this kindred were unavail-
able for analysis because they now live in São Paulo.

  Kindred 4 ( fig. 2 d) 
 Individual No. 1181 is portrayed in kindred 4 as a 

grandmother of MPS VI patient No. 1222 ( fig. 2 d) and in 
kindred 3 as a sister to the grandmother of MPS VI pa-
tient No. 1171 ( fig. 2 c). Similarly, individual No. 1374 in 

Table 2.  Data on individuals heterozygous for the p.H178L muta-
tion, subdivided into 9 pedigrees representing 11 nuclear families

Nuclear
family

Pedigree Individuals,
n

MPS VI
patients,
n

Subjects with 
molecular
analysis, n (%)

Subjects 
heterozygous for 
p.H178L, n (%)

1 a 50 2a 22 (44) 11 (22)
2 b 62 1 33 (53) 13 (21)
3 c 37 1 20 (54) 10 (27)
4 d 59 1 26 (44) 9 (16)
5 e 36 1 20 (56) 9 (25)
6 f 54 1 21 (38) 9 (19)
7 g 138 2a 53 (38) 15 (12)
8 h 67 2b 22 (33) 11 (16)
9 i 65 2b 34 (52) 11 (17)

 a Patients are siblings. b Patients are close relatives, i.e. first 
cousins (F = 0.0625) or second cousins (F = 0.0156).
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kindred 4 also appears in the pedigree of kindred 1 as a 
first cousin of MPS VI patient No. 320 ( fig. 2 a). Four ad-
ditional individuals ( fig. 2 d) – Nos. 1205, 1206, 1389, and 
1390 – were reported by family members to have had 
MPS VI but they had died prior to the present investiga-
tion. DNA was collected from 3 relatives of these deceased 
individuals ( fig. 2 d: Nos. 416, 421, and 1181), and hetero-
zygosity for the p.H178L allele was confirmed. Of the 11 
children of individual No. 1215, who is heterozygous for 
p.H178L, 10 were absent at the time of sample collection. 
One of these persons, No. 1210 who is normal for the 
p.H178L allele is the maternal grandfather of MPS VI pa-
tient No. 1222 and another son, No. 1285, has a heterozy-
gous daughter, No. 1267.

  Kindred 5 ( fig. 2 e) 
 One boy in this kindred, the brother of MPS VI patient 

No. 538, has a 50% chance of being heterozygous for the 
p.H178L allele ( fig. 2 e: No. 541), but he could not be ana-
lyzed as he was under 18 years of age at the time of sample 
collection. A number of other persons were omitted from 
the pedigree either due to sizing constraints or because 
they had not been analyzed at the time of pedigree con-
struction. They may, however, have an important role in 
the maintenance of the mutant allele, e.g. the additional 9 
siblings of individual No. 550 ( fig. 2 e), who is heterozy-
gous for the p.H178L allele.

  Kindred 6 ( fig. 2 f) 
 This kindred has many individuals with a 50% chance 

of being heterozygous but who could not be analyzed, ei-
ther because they are resident in other regions of Brazil, 
or they were not present at the time of blood collection. 
Likewise, it was not possible to collect blood from the 6 
living children of heterozygous couple Nos. 1066 and 
1076, each of whom has a 50% chance of being heterozy-
gous for the mutant allele. The deceased grandmother, 
No. 957, of MPS VI patient No. 926 also has another 7 
siblings not indicated in the pedigree but who may be het-
erozygous for the p.H178L allele.

  Kindred 7 ( fig. 2 g) 
 Confirmatory genomic diagnosis of homozygosity for 

the mutant p.H178L allele was available for 2 members of 
this kindred ( fig. 2 g: Nos. 399 and 679). Parental hetero-
zygosity for the p.H178L allele was confirmed by genom-
ic analysis in one couple ( fig. 2 g: Nos. 794 and 841). Five 
of their 14 children were deceased but were reported by 
relatives as having exhibited the characteristic phenotype 
of MPS VI. Relatives also reported 4 other deceased per-

sons in this kindred as having the MPS VI phenotype 
( fig. 2 g: Nos. 216, 799, 896, and 897).

  Kindred 8 ( fig. 2 h) 
 Many of the relatives in this kindred could not be ana-

lyzed because they live in São Paulo. In addition, the 
brother, a first cousin, and a paternal uncle of MPS VI 
patient No. 01 ( fig. 2 h: Nos. 04, 1302, and 41, respective-
ly), who each have a 50% chance of being heterozygous 
for the p.H178L mutation, could not be analyzed because 
at the time of sample collection they were under 18 years 
of age. Deceased subjects Nos. 99, 108, and 109, whose 
mother and 3 of whose siblings were confirmed heterozy-
gotes for p.H178L, were reported by relatives to have 
shown the typical MPS VI phenotype. Individuals not an-
alyzed who were omitted from the pedigree due to sizing 
constraints include the 6 siblings of individual No. 29 and 
the 8 siblings of individual No. 08 ( fig. 2 h), both of whom 
are heterozygous for the p.H178L allele. Each of these 14 
individuals not represented in the pedigree thus have a 
50% chance of being heterozygous for the p.H178L allele.

  Kindred 9 ( fig. 2 i) 
 Two persons in this kindred were genomically con-

firmed as MPS VI ( fig. 2 i: Nos. 134 (deceased) and 171). 
No information was available on the ancestry of individ-
ual No. 132 to identify siblings who may be heterozygous 
for the p.H178L allele. Only 1 of the 8 living progeny of 
couple Nos. 244 and 251 was over 18 years of age, and she 
was unavailable at the time of sample collection. Both sons 
of couple Nos. 221 and 236 were also under 18 years of age, 
and so they were unavailable for molecular analysis.

  Discussion 

 According to international studies, the incidence of 
MPS VI ranges from 1 in 43,261 births in Turkish mi-
grants in Germany to 1 in 1,505,160 births in Sweden  [3] . 
No incidence data for MPS VI in Brazil have been pub-
lished, but information from the MPS Brazil Network ap-
pears to indicate that MPS VI is less rare than in other 
countries [Giugliani, pers. commun.]. It has also been re-
ported that in Brazil  [24]  and in Portugal  [25] , from which 
many people migrated to Brazil, the frequency of MPS VI 
is high in comparison to other mucopolysaccharidoses. 
As indicated in  figure 1 , the rural municipality of Monte 
Santo alone exhibits more than 1 case per 5,000 live births, 
and this figure almost certainly is an underestimate given 
the additional 33 persons putatively identified by family 
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members as having the characteristic MPS VI phenotype, 
but who had died before the start of the present study.

  On each working visit to Monte Santo to deliver the 
results of genomic analyses, additional individuals with a 
50% chance of being heterozygous were added to the ge-
nealogy and, where possible, blood samples were collect-
ed from these people for molecular analysis. Pedigree 
analysis ( fig. 2 ) indicates the presence of many individu-
als with a 50 and 25% chance of being heterozygous for 
p.H178L, a significant number of whom could not be 
sampled either because they were under 18 years of age or 
they had relocated to distant regions of Brazil. The par-
ents of the underage individuals were counselled and ad-
vised that when their children reached 18 years of age they 
could request molecular analysis from the research group. 
Genomic analysis is also freely available to individuals 
and families who are potential carriers of MPS VI but are 
no longer resident in Monte Santo.

  From a wider perspective, the present study highlights 
the importance of comprehensive genealogical informa-
tion in disentangling the complex genetic structures of 
small remote communities, where founder effect in com-
bination with large family sizes, endogamy, and a high 
prevalence of consanguineous marriage in successive 
generations results in the expression of otherwise rare re-
cessive disorders, such as MPS VI [4]. The highly complex 
intra- and interfamily relationships in Monte Santo are 
illustrated by individual No. 240 who is included in kin-
dreds 1 and 2 ( fig. 2 a, b), individual No. 1374 in kindreds 
1 and 4 ( fig. 2 a, d), individual No. 408 in kindreds 2 and 
3 ( fig. 2 b, c), and individual No. 1181 in kindreds 3 and 4 
( fig. 2 c, d).

  When MPS VI testing and diagnosis first became avail-
able, patients had to travel weekly to Salvador, the capital of 
Bahia, some 350 km from Monte Santo, to receive infusions 
of ERT. However, in April 2011, an ERT center was inau-
gurated at the municipal hospital of Monte Santo, where 
local doctors and nurses have been trained to provide treat-
ment, often accompanied by the medical geneticist and psy-
chologist responsible for genetic counselling. The imple-
mentation of the ERT center in Monte Santo and the high 
prevalence of heterozygotes (42%) in the kindreds in which 
MPS VI has been shown to segregate have served to rein-
force the importance of early identification of community 
members who are homozygous or heterozygous for the
p.H178L mutation. A neonatal screening program, sup-
ported by genetic counselling and genetic education initia-
tives  [26] , has now also been established, so that premarital 
counselling and early disease diagnosis and treatment can 
be organized for affected individuals and their families, 
with the aim of reducing the overall burden of disease in this 
geographically remote low-income community.
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