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Abstract

Introduction: Congenital Disorders of Glycosylation are a group of genetic disorders due to abnormal glycosylation
of glycoproteins and glycolipids. Based on isoelectric focusing of plasma transferrin results, CDG are classified in two
groups: CDG-I and CDG-II. While the diagnosis of PMM2-CDG (formerly CDG-la) and PMI-CDG (formerly CDG-Ib)
is made by demonstration of the enzyme deficiency or by gene sequencing, the diagnosis of the other CDG is not
easily performed. Psychomotor delay/mental retardation, hypotonia, seizures, ataxia, cerebellar atrophy, strabismus,
inverted nipples, lipodystrophy, and stroke-like episodes characterize PMM2-CDG, by far the most common CDG.
There is almost no information available in the literature on the frequency of CDG in patients with psychomotor delay/
mental retardation.

Patients and methods: We performed transferrin isoelectric focusing in 2619 patients who had psychomotor
delay/mental retardation associated with other symptoms suggestive of CDG. Determination of leukocyte
phosphomannomutase and phosphomannoseisomerase activities and PMM2 gene sequencing was performed in
selected patients.

Results: We found 32 affected patients (26 CDG-l and 6-CDG-Il). CDG-I group: The most prevalent PMM2-
CDG clinical symptoms were those expected. We identified two novel mutations: p.G79V and p.R21W. Non-PMM2,
non-PMI-CDG showed more frequently coagulopathy, hypotonia, cerebellar atrophy, and cryptorchidism/micropenis.
Early deaths were found exclusively in this group. Ataxia, strabismus, elevated blood FSH and LH levels were more
frequent in PMM2-CDG patients. CDG-II group: four out of six patients presented cutis laxa, seizures, large fontanel,
facial dysmorphism, and non-lissencephalic cortical dysplasia. Hip luxation was present in three patients, and
hydronephrosis in one. The other two patients had heterogeneous features.

Conclusions: We determined the frequency of CDG in a selected Brazilian cohort with symptoms suggestive of

CDG as 1.2%(CDG-I ~ 1.0% and CDG-Il ~ 0.2%), and identified two novel mutations in the PMM2 gene.

Keywords: CDG; Congenital disorders of glycosylation;Frequency;
Glycosylation; Inborn errors of metabolism; Psychomotor delay;
Mental retardation; Ataxia; Coagulation;Cutis laxa

Abbreviations: CDG: Congenital Disorders of Glycosylation;
PMM2: Gene coding for the enzyme phosphomannomutase; PMI:
Gene coding for phosphomannoseisomerase; FSH:Follicle Stimulant
Hormone; LH:Luteinizing Hormone; Tf IEF:Isoelectric Focusing
of Transferrin; PMD/MR: Psychomotor Delay/Mental Retardation;
ALT:Alanine aminotransferase; AST:Aspartate aminotransferase;
PCR: Polymerase Chain Reaction; CK:Creatine kinase

Introduction

Congenital Disorders of Glycosylation are pan-ethnic diseases
[1,2] caused by the defective glycosylation of glycoproteins and
glycolipids. Some 50 CDG have already been recognized [3]. Clinical
manifestations range from severe multisystemic disease [4-7] to
organ-specific involvement [8,9]. The standard method of screening
for CDG is plasma Tf IEF. There are two abnormal patterns: CDG
type I (defective synthesis and incorporation of the oligosaccharide
side chain), and CDG type II (defects in the processing of the
oligosaccharide side chain). Some 77-83% of CDG-I patients have
deficient phophomannomutase activity (PMM2-CDG) [4,10]. PMM2-
CDG has an estimated frequency of 1:20,000 births [11]. Except for
PMI-CDG [12], and some patients with SLC35C1-CDG [13,14], there
is no treatment available for CDG.

The general clinical picture of CDG is non-specific: PMD/MR,
failure to thrive, seizures, ataxia, hypotonia, cerebellar atrophy, mild
facial dysmorphism, strabismus, inverted nipples, hypogonadism,
hepatopathy, peripheral neuropathy, coagulopathy, and stroke-like
episodes. Due to the non-specificity of the clinical picture, several
authors have recommended investigating CDG in patients with at
least two affected organs or systems, especially when neurologic
disorder (cerebellar hypoplasia, hypotonia, PMD/MR, and seizures),
progressive ophtalmopathy or coagulopathy are present [7,8]. Others
suggest to screen for CDG in any unexplained clinical disorder [15-18].
Apart from the unspecific clinical manifestations,these disorders are
underdiagnosed for a number of reasons: medical unawareness of the
disease, increased mortality in the first years of life, and unavailability
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of widespread specific laboratory tests. We were unable to find in
the literature the frequency of CDG among children with symptoms
suggestive of CDG.There is scarce information on Latin American
patients with CDG [19-21].

This study aimed to determine the frequency of the disease in a
large cohort of patients using broad inclusion criteria (PMD/MR
associated with other symptoms suggestive of CDG), to study its
clinical, radiologic, and laboratory characteristics, to determine the
frequency of CDG-I and II, as well as to reveal the mutations in the
PMM?2 gene among Brazilian patients.

Patients and Methods

A total of 2619 patients presenting PMD/MR associated with
other symptoms suggestive of CDG (ataxia, seizures, stereotypic
movements, hypotonia, macro/microcephaly, delay of myelination,
cerebellar atrophy, stroke, encephalopathy, iris coloboma, retinitis
pigmentosa, strabismus, craniofacial dysmorphism, lipodystrophy,
inverted nipples, failure to thrive, hypogonadism, or ichthyosis) were
submitted for plasma Tf IEF [22,23]. According to the abnormal Tf
IEF pattern, the patients were classified as CDG-I or -II. The PMM?2
gene was sequenced in the CDG-I patients, and/or leukocyte PMM and
PMI activities determined [10]. According to PMM and PMI activities,

CDG-I patients were then subdivided in PMM2-CDG or non-PMM2,
non-PMI-CDG-I groups.

Mutation analysis of the PMM2 gene: Genomic DNA was extracted
from blood samples anticoagulated with EDTA using standard
procedures. The eight protein coding exons and flanking intronic
sequences were directly sequenced after PCR [1,24]. Bidirectional
sequencing was performed using the Big Dye Terminator Sequencing
Kit (Applied Biosystems) according to the manufacturer’s protocol,
and analyzed with a 3130x] Genetic Analyzer (Applied Biosystems).

Clinical, radiological, laboratory data were both retrospectively and
prospectively obtained from the patients’ medical charts. Comparison
of frequencies of clinical and laboratory findings between PMM2-
CDG and non-PMM2, non-PMI-CDG-I groups were performed using
Fisher’s Exact Test (software SSPS v13.0). The research project was
approved by the Research Ethical Committee at the SARAH Network
of Rehabilitation Hospitals.

Coagulation factors VIII, IX, XI, antithrombin, protein C, and free
protein S were measured with kits from DiagnosticaStago (Asniere,
France) using standard procedures. Other routine biochemical tests
were performed (hemogram, serum transaminases, glycemia, TSH and
T4, renal function tests, blood gases, and inborn errors of metabolism
investigation), but only the relevant data were included in this study.

Patients: 1 2 3* 4* 5 6 7 8 9 10* 11* 12 13 Total
Sex F F F F F F M M F F F M M
Age at diagnosis 2y 3y 23y 21y 1y 18y 4y 1y 1y 23y 26y 6y 2y
Present age 9y Ty 28y 25y 6y 23y 10y Ty Ty 25y 28y 8y 4y
- 0.17 1.93 0.57 0.08 0.16
(F::“élr':/tlrsﬁgl:ye)** (0.96- na (1.20- (1.20- na na (2.09- @ (2.09- na na na na na
9 3.56) 3.79) 3.79) 5.43) 5.43)
T226S T237M | T226S | T226S R123X | F119L | T226S = D65Y | F157S | T237M | T237M T237M
PMM2 mutations RG174;\'/" R141H R141H  R141H D223E R141H R21W R141H R162W R141H R141H 2o MRRIATH | pigth
Neurological signs
delayD/e'\\;ﬁQIoDmental + + + + + + + + + + + + + 13/13
Ataxia + + + + - + + - + + - + + 10/13
Hypotonia - + - - + - + + + + + + + 9/13
Hyporeflexia + - - + + + + + + + + - - 9/13
Strabismus - + + + + + + + + + + + + 12/13
Cerebellar atrophy + + + + + + + + + + + + - 12/13
Other clinical signs
Short stature + - + - + + na - + + na na + 7/10
. Facial + - + + + + - + + + + - + 10/13
dysmorphism
Laboratory data
Coagulopathy + + + - + + + na + + + + na 10/11
Elevated FSH/LH + + - + na + - na + + + - na 7110

F: female; M:male; MR: mental retardation; y: year; +: present; -: absent; na: information not available. * Patients 3 and 4, and patients 10 and 11 represent pairs of sibs;

** PMM activities are expressed in mU/mg protein.

Table 1: Main clinical findings in PMM2-CDG patients.
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Results

A total of 32 patients (1.2%; 14 males and 18 females) were
identified. Based on the patterns found on Tf IEF (type I = 26 patients;
type II = 6 patients), molecular studies, and/or enzyme determinations,
they were classified into different groups:

CDG-I group (n=26)

Twenty-six patients presented TfIEF type I pattern (1.0%;26/2619).
PMM2-CDG was confirmed in 13 individuals by demonstration of
PMM deficiency and/or PMM2 gene mutations. Eight patients had
normal PMM and PMI activities, and were thus classified as non-

PMM2, non-PMI-CDG I Five individuals represent lost cases and
were considered only for the calculation of CDG-I frequency.

PMM2-CDG patients: Clinical findings are summarized in table 1,
and patients faces are shown in figure 1. Nine patients were females and
four were males. Coagulopathy, strabismus and cerebellar atrophy was
seen in almost all patients. All other clinical symptoms were consistently
found. Patient 4 had isolated protein C value very close above the upper
limit, and were considered as not having coagulopathy. Elevated FSH/
LH levels were found in 7/8 females and in 0/2 males.

Non-PMM2, non-PMI-CDG-I patients:Clinical findings are
summarized in table 2 and facial features are shown in figure 2. Four

Legend (figure 1): Dysmorphism can be subtle and are not homogeneous. Almond-shaped eyes in patients A, E, |, and L; bitemporal narrowing in patients A, E, F, and
I, prominent chin in patients C, D, F, J, and K; inverted nipples in patients A and B. Figures A to M (patients 1 to 13; table 1).

Figure 1: Dysmorphism of PMM2-CDG patients.

Patient 1 2 3 4 5 6* 7* 8 Total
Sex M F F M M F F M
Age at diagnosis 27d 7y 3y 1y 1y 2y 1y 9 mo
Present age - 12y 9y 8y - - 1y 1y
Age of death 9 mo (?) 2y 9mo. 3y 9mo. 3/8
Developmental delay / MR - + + + + + + + 7/8
Hypotonia - + + + + + + + 7/8
Abnormal cerebral imaging cerebellar atrophy + cerebellar cerebellar normal cerebral | cerebellar na normal 57

leukoencephalopathy atrophy + stroke atrophy atrophy atrophy

Cryptorchidism / Micropenis + / / + + / / - 3/4
Elevated transaminases na + + + + - - + 5/7
Coagulopathy na + + + + + + + 17
Remarkable findings Fetal hydrops Glaucoma Ar::ig:]i?afsls Ascites

*Patients 6 and 7 are siblings; F: female; M:male; d: days; y: years; mo: months; MR: mental retardation; +: present; -: absent; /: data does not apply; na: information not

available.

Table 2: Main clinical findings in non-PMM, non-PMI-CDG-| patients.
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patients were females and four were males. Coagulation disorder was
seen in all evaluated patients. PMD/MR and hypotonia was present in
7/8 patients. One patient was considered as not having PMD, because
he was evaluated at a very young age (one month of age) and died
before the next medical consultation. Abnormal cerebral imaging was
detected in 5/7 patients (two boys had normal imaging). We found in
this group, not only cerebellar atrophy, but also leukoencephalopathy,
cerebral atrophy and stroke. Cryptorchidism/micropenis was found
in 3/4 boys. Abnormal serum transaminases levels were seen in 5/7
patients. Three deaths occurred in this group (ages 9 months, 2 y 9 mo,
and 3y 9 mo).

Comparison between PMM2-CDG and non-PMM2, non-PMI-
CDG-I patients: Most clinical features were equally seen in both groups,
as determined by statistical analysis. Statistically significant differences
(p<0.05) were limited to ataxia (p=0.032), strabismus (p=0.047), and
elevated FSH and LH (p=0.026), which predominated among PMM2-
CDG patients, while deaths occurred exclusively among non-PMM2,
non-PMI-CDG-I patients (p=0.042). This latter group showed also
higher frequency of abnormal results for antithrombin (p=0.035) and
protein S (p=0.013), when compared to PMM2-CDG patients (tables
3 and 4). Stroke was found only in one non-PMM2, non-PMI-CDG-I
patient.

CDG-II group (n=6)

A total of 6 patients with CDG II pattern in Tf IEF (0.2%; 6/2619)
were identified in this study. All presented coagulopathy. As shown
in figure 3 and in table 5, four patients had similar clinical features:
cutis laxa, dysmorphism, large fontanel, non-lissencephalic cortical
dysplasia (figure 4), and low levels of free protein S. Except for one, all
presented also hip luxation and seizures. Low levels of factor XI were
seen in three. The other two patients had dysmorphism: one presented
also failure to thrive, cataract, myopathy and increased level of CK,
and factor VIIL. The other individual had macrocephahly, obesity,
strabismus, myopia and increased levels of factor XI and protein C.

PMM?2 gene

R141H was the most prevalent mutation, present in 10/13 patients.
One of these patients had also two other mutations: a novel (p.G79V;
¢.236G>T) and a common one (p.T226S). Other frequent mutations
were p.T237M (n=5) and p.T226S (n=4). Interestingly, the former was
found only in patients from Greater Belo Horizonte City area. One
patient had another novel mutation (p.R21W; c.61C>T).

Discussion

There is scarce data in the literature on frequency of CDG in
populations. Schollen et al. [11] estimated the frequency of PMM2-

2 to 6; table 2); F (patient 8; table 2).

Legend (figure 2): Facial features with striking variability (from mucopolysaccharidosis-like face in patient B to almost normal face in patient C). Figures A to E (patients

Figure 2: Facial features of non-PMM2, non-PMI-CDG patients.

Patients: 1 2 3 4 6 7 9 10 11 12 Abnormal
results
] 1.0 90%
PT (RNI:1.0-1.2) 1.0 ND 1.0 1.0 ND 1.0 1.1 ND | 7o150) NP 0/8
aPTT (Pt/Cnt; <1.3) 1.53 ND 1.1 12 ND 1.0 1.1 0.9 ND 1.0 ND 118
Factor VIl (60-150%) >200 >200 126 92 >200  >200 = >200 168 33 108 67 711
Factor XI (60-140%) 20 58 79 83 43 29 53 78 110 94 53 6/11
Antithrombin (80-120%) 37 79 74 91 30 ND 76 100 102 60 109 4110
Protein C (70-130%) 34 100 112 131 32t 86 71 104 97 80 90 4/11
Protein S (70-130%) 49 70 65 70 514 62 65 74 55 | 60t 79+ 711

Normal values between parenthesis; Abnormal values are in bold.

Patients 8 and 13 had no coagulation tests performed. All patients had normal results for factor IX.
aPTT: activated partial tromboplastin time; PT: protrombin time; Pt: patient; Cnt: control; ND:not done; reference ranges t: 70-120%; 1 : 64-126%; =|= 1 72-150%.

Table 3: Plasma levels of prothrombin time, activated partial thromboplastin time, coagulation factors, and anticlotting factors of PMM2-CDG patients.
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Patients: 2 3 4 5 6* 7 8 Abnormal results
Factor VIII (60-150%) >200 101 44 >200 175 122 65 417
Factor IX (60-150%) 74 63 40 140 78 108 71 17
Factor XI (60-140%) 1 28 12 21 49 77 10 6/7
Antithrombin (80-120%) 28 55 39 37 31 60 40 77
Protein C (70-130%) 341 58 48 59 56 1 45t 24 77
Protein S (70-130%) 48 1 68 58 46+ 60 1 611 42+ 77
aPTT (Patient/Control; <1.3) 37 seconds (25-38) 1.0 1.3 1.3 ND ND ND 2/4
PT (IRN;1.0-1.2) 1,6 1.0 1.0 1.1 ND ND ND Ya

* Siblings.

Normal values between parenthesis; Abnormal values are in bold.
Patient 1 had no coagulation tests performed.
aPTT: activated partial thromboplastin time; PT: prothrombin time; INR: International Normalized Ratio; ND=not done; reference ranges 1 =70-120%; 1 = 64-126%; =|=

=72-150%.

Table 4: Plasma levels of coagulation factors, natural anticoagulants, activated partial thromboplastin time, and prothrombin time of non-PMM2, non-PMI-CDG-I patients.

Legend (figure 3): Patients A, B and C share the same features: down-slanting palpebral fissures, cutis laxa, progeroid aspect, and scoliosis. Patient D has only down-
slanting palpebral fissures. Patient E shows bitemporal narrowing, small nose with short philtrum. Figures A and B (patients 1 and 2; table 4); C (patient 4; table 4), D
and E (patients 5 and 6; table 4).

Figure 3: Features of CDG Il patients.

Patient | Consanguinity | Age at | Present | Gender Clinical Radiologic Laboratory
diagnosis | age

1 - 9y 12 Male Mental retardation Cutis laxa Non-lissencephalic cortical Protein S= 54% (72-150) Tf IEF: 1 3S,
Seizures Dysmorphism Large dysplasia Hip luxation 2S
fontanel Myopia

2 - 6y 8 Female Mental retardation Cutis laxa Non-lissencephalic cortical Protein S= 51% (64-126) Factor XI=
Seizures Dysmorphism Large dysplasia Hip luxation Scoliosis 34% (60-140) Tf IEF: 1 3S, 2S
fontanel Myopia Genu valgum

3 ? (adopted) 6y 12 Female Mental retardation Cutis laxa Non-lissencephalic cortical Protein S= 61% (64-126) Factor XI=
Seizures Dysmorphism Large dysplasia Hip luxation 52% (60-140) Antithrombin= 68% (80-
fontanel Hydronephrosis 120) Tf IEF: 1 3S, 2S, 1S

4 + 1y 3 Male 'Mental retardation Cutis laxa Non-lissencephalic cortical Protein S= 55% (72-150) Factor VIII
Dysmorphism Large fontanel dysplasia Hydronephrosis >200% (60-150) Factor XI= 54% (60-
Microcephaly Unilateral 140) Factor VIIl >200% (60-150) Tf IEF:
chorioretinitis 13§, 2S

5 + (adopted) 5y 10 Male ' Mental retardation Dysmorphism Scoliosis ENMG: myopathy Protein S=47%
Failure to thrive Cataract (75-141) Factor VIII = 180% (60-150)

CK=241-996 IU/L (24-190) Tf IEF: 1t
3S, 28, 1S

6 - 6y 14 Female Mental retardation Dysmorphism Flatfoot Factor VIII >200% (60-150) Factor IX
Macrocephaly Obesity Myopia / >200% (60-150) Factor XI= 170% (60-
strabismus 140) Tf IEF: 1 3S

+: present; -: absent; y: years; ENMG: electroneuromyography; Tf IEF: isoelectric focusing of transferrin; 3S: trisialotranferrin; 2S: disialotransferrin; monosialotransferrin.
Normal values for clotting and anticlotting factors are between parenthesis.

Table 5: Main clinical findings in CDG-I| patients.
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Figure 4: Polymicrogyria/Pachygyriacomplex (CDG Il patient 2).

CDG as 1:20,000 births, and found no increase of the carrier frequency
for the R141H mutation in a cohort of 600 patients with mental
retardation. Pérez-Cerda et al. [25] found 50 CDG patients in a group
of 7910 pediatric patients with clinical suspicion of metabolic diseases.
This represents a frequency of 0.6%.

We used in the present study PMD/MR, the most prevalent
symptom of the disease, as obligatory criterion associated with other
symptom suggestive of CDG, in order to make the investigation
directed to CDG symptoms.Using at least two symptoms as the
inclusion criteria, we intended to increase the frequency of diagnosed
cases, and thus, make clinical selection more effective.This would spare
resources.

The frequency of the disease among our patients was relatively high
(1.2%; CDG-I 1.0%; CDG-II 0.2%). PMM2-CDG was present in at least
0.5% (13/2619) of the patients, and non-PMM2, non-PMI-CDG-I in at
least 0.3% (8/2619).

There is a general agreement between our findings and cohorts
with neurologic forms of PMM2-CDG [4,26,27]. The frequency of
PMM2-CDG (13/21; 62%) in our sample was similar to that reported
in the literature (77-83% of CDG-I) [4,10]. PMD/MR, cerebellar
atrophy, strabismus, coagulopathy, hypotonia, hyporeflexia, facial
dysmorphism, short stature, and hypergonadotropichypogonadism (in
females) were present in at least 69% of the PMM2-CDG patients. The
presence of ataxia, strabismus and hypergonadotropichypogonadism
(in females), although not exclusively seen in PMM2-CDG, should
favor this diagnosis. We identified 11 mutations in the PMM?2 gene.
The allele p.R141H is present in 47-81% of PMM2-CDG families in
Europe [4,26,28]. In our study this allele was found in 8/11 families
(73%). Two previously unreported mutations in the PMM2 gene were
found. The p.R21W mutation was considered to be pathogenic. In the
PMMI gene Arg28 is the sole core domain contact, which interacts
with the C-4 hydroxyl group of the substrate. This amino acid is
located in the position 21 in the PMM?2 gene [29]. Its substitution for
trytptophanwill prevent binding to the substrate. Patient 7, who has this
novel mutation and the known p.T2268, shows enzyme activity close to
zero. The p.G79V mutation was associated with two known pathogenic
mutations (p.R141H and p.T226S). We submitted this mutation to
algorithms (SNPs3D and nsSNPAnalyzer)that predict pathogenicity
[30,31]. Both algorithms predicted p.G79V to be pathogenic. As shown
in Table 1, this additional mutation seems to afffect significantly the
protein function, as compared with other patients (patients 3 and 4).
The mutation p.T237M was found exclusively in patients from Belo
Horizonte city area and is likely to represent a founder effect. Brazilian
population’s ancestry is composed largely by Portuguese and Italians

immigrants. The mutation p.T237M has been identified among Italians
[28]. Interestingly, all these patients bear Portuguese surnames. Hence,
it could represent either a mutation in Portuguese genes or reveal an
unknown Italian ancestry. The mutation p.D223E found in one family
in the present study had only been identified among Danish [28].
The other mutations found in our study reveal the Iberic ancestry
of Brazilian population. We could not find a genotype-phenotype
correlation.

The most frequent clinical findings in our non-PMM2, non-
PMI-CDG-I patients, such as PMD, hypotonia, liver involvement,
cerebellar atrophy, and coagulopathy, are similar to those previously
reported [32]. In our series, they did not show distinctive symptoms
from PMM2-CDG, except for the higher frequency of death, probably
because they represent more severe subtypes. Laboratory data
suggestive of hypergonadotropichypogonadism were not found among
these patients.

Clotting factors and anticlotting factors are glycoproteins. As
many as 80% of the patients present coagulation abnormalities, but it
seems that cerebral infarction is rare [33,34].Coagulopathy, defined by
abnormal levels of anticlotting and clotting factors, was present in 16
of the 17 CDG-I patients (Tables 1 and 2), but cerebral infarction was
seen in only one non-PMM2, non-PMI-CDG-I patient. Mechanisms
underlying clotting disorders in CDG are complex and not fully
understood. In our study, non-PMM?2, non-PMI-CDG-I patients
showed, in general, more severe deficiency of clotting and anticlotting
factors. There was no correlation between the coagulopathy and the
degree of neurologic involvement, except for the patient 2, who had
cerebral infarction. It is important to notice that levels of abnormal
glycosylated glycoproteins fluctuate with age, are likely to worsen with
fever or other stresses [35], and represent solely a static photography at
the moment of the testing. So, direct inference from glycoprotein levels
might be misleading.

All CDG-II patients presented coagulopathy. Mental retardation,
cutis laxa, facial dysmorphysm (down-slanting palpebral fissures,
and porsteriorly rotated ears), and cerebral malformation were found
in four patients with CDG-II, and probably represent a single entity.
These features are consistent with the diagnosis of ATP6V0A2-CDG
[36-38]. Myopathy is an uncommon feature in CDG-II and was
reported in a patient with BAGALT1-CDG (formerly CDG IId) [39].
Similarly to this reported patient, CDG-II patient number 5 showed
electroneuromyographic data suggestive of myopathy, elevated plasma
CK, and asialo profile of TfIEF (increased mono- to trisialotransferrin).
We speculate that this is likely to be the diagnosis of this patient.

Acknowledgments

We thank the patients and their families. We are indebted with Dr. Eva
Morava, Dirk Lefeber, and Ron Wever for the productive discussions on our
patient’s diagnosis. We thank also Dr. Hudson Freeze for helping us with the
technique of PMM and PMI assays, Savana Camilla de Lima Santos for helping
with PMM2 gene sequencing, GuilhermeDotto Brand for the structural analyses of
the mutations, and LuizGuilhermeNadalNunes for the statistical analysis. Finally,
we are grateful to Dr. JaakJaeken for helping with interpretation of the transferrin
IEF results.

References

1. Matthijs G, Schollen E, Van Schaftingen E, Cassiman JJ, Jaeken J (1998) Lack
of homozygotes for the most frequent disease allele in carbohydrate-deficient
glycoprotein syndrome type 1A. Am J Hum Genet 62: 542-550.

2. Quelhas D, Quental R, Vilarinho L, Amorim A, Azevedo L (2007) Congenital
disorder of glycosylation type la: searching for the origin of common mutations
in PMM2. Ann Hum Genet 71: 348-353.

Abnormal Glycosylation

Pediatr Therapeut

in Children

ISSN: 2161-0665 Pediatrics, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/9497260
http://www.ncbi.nlm.nih.gov/pubmed/9497260
http://www.ncbi.nlm.nih.gov/pubmed/9497260
http://www.ncbi.nlm.nih.gov/pubmed/17166182
http://www.ncbi.nlm.nih.gov/pubmed/17166182
http://www.ncbi.nlm.nih.gov/pubmed/17166182

Citation: Brum JM, de Oliveira Rizzo IMP, de Carvalho DR, Villaga Coelho AL, Machado Navarro MM, et al. (2012) Clinical and Molecular Features
of Patients with Congenital Disorders of Glycosylation in Brazil. Pediatr Therapeut S3:001. doi:10.4172/2161-0665.S3-001

Page 7 of 7

Jaeken J (2010) Congenital disorders of glycosylation. Ann N'Y AcadSci 1214:
190-198.

de Lonlay P, Seta N, Barrot S, Chabrol B, Drouin V, et al. (2001) A broad
spectrum of clinical presentations in congenital disorders of glycosylation I: a
series of 26 cases. J Med Genet 38: 14-19.

Eklund EA, Freeze HH (2006) The congenital disorders of glycosylation: a
multifaceted group of syndromes. NeuroRx 3: 254-263.

Jaeken J, Matthijs G (2007) Congenital disorders of glycosylation: a rapidly
expanding disease family. Annu Rev Genomics Hum Genet 8: 261-278.

Grlinewald S (2007) Congenital disorders of glycosylation: rapidly enlarging
group of (neuro)metabolic disorders. Early Hum Dev 83: 825-830.

Jaeken J (2003) Komrower Lecture. Congenital disorders of glycosylation
(CDG): it’s all in it! J Inherit Metab Dis 26: 99-118.

Garshasbi M, Hadavi V, Habibi H, Kahrizi K, Kariminejad R, et al. (2008) A
defect in the TUSC3 gene is associated with autosomal recessive mental
retardation. Am J Hum Genet 82: 1158-1164.

10. Jaeken J, Artigas J, Barone R, Fiumara A, de Koning TJ, et al. (1997)

Phosphomannomutase deficiency is the main cause of carbohydrate-deficient
glycoprotein syndrome with type | isoelectrofocusing pattern of serum
sialotransferrins. J Inherit Metab Dis 20: 447-449.

11. Schollen E, Kjaergaard S, Legius E, Schwartz M, Matthijs G (2000) Lack of

Hardy-Weinberg equilibrium for the most prevalent PMM2 mutation in CDG-la
(congenital disorders of glycosylation type la). Eur J Hum Genet 8: 367-371.

12. Freeze HH (2009) Towards a therapy for phosphomannomutase 2 deficiency,

the defect in CDG-la patients. BiochimBiophysActa 1792: 835-840.

3. Marquardt T, Luhn K, Srikrishna G, Freeze HH, Harms E, et al. (1999)

Correction of leukocyte adhesion deficiency type Il with oral fucose. Blood 94:
3976-3985.

14. Etzioni A, Tonetti M (2000) Fucose supplementation in leukocyte adhesion

deficiency type Il. Blood 95: 3641-3643.

15. Jaeken J, Matthijs G (2001) Congenital disorders of glycosylation. Annu Rev

Genomics Hum Genet 2: 129-151.

16. Collins AE, Ferriero DM (2005) The expanding spectrum of congenital disorders

~

oo

of glycosylation. J Pediatr 147: 728-730.

. Leonard J, Grunewald S, Clayton P (2001) Diversity of congenital disorders of
glycosylation. Lancet 357: 1382-1383.

.Grinewald S (2009) The clinical spectrum of phosphomannomutase 2
deficiency (CDG-la). BiochimBiophysActa 1792: 827-834.

19.de Michelena MI, Franchi LM, Summers PG, De La Fuente C, Campos

PJ, et al. (1999) Carbohydrate-deficient glycoprotein syndrome due to
phosphomannomutase deficiency: the first reported cases from Latin America.
Am J Med Genet 84: 481-483.

20. Brum JM, Rizzo IM, Mello WD, Speck-Martins CE (2008) Congenital disorder

2

=

of glycosylation type la: a non-progressive encephalopathy associated with
multisystemic involvement. ArqNeuropsiquiatr 66: 545-548.

. Soares AL, Pinto MTI, Rizzo IMPO, Navarro MMM, Mello WD, et al. (2010)
Avaliagdo de anticoagulantesnaturais e de fatores da coagulagdoempacientes
com disturbioscongénitos de glicosilagdo (DCG) tipo |. Rev Bras
HematolHemoter 32: 131-135.

22. van Eijk HG, van Noort WL (1992) The analysis of human serum transferrins

2

w

with the PhastSystem: quantitation of microheterogeneity. Electrophoresis 13:
354-358.

. Blakesley RW, Boezi JA (1977) A new staining technique for proteins in
polyacrylamide gels using coomassie brilliant blue G250. Anal Biochem 82:
580-582.

24. Le Bizec C, Vuillaumier-Barrot S, Barnier A, Dupré T, Durand G, et al. (2005)

This article was originally published in a special issue, Abnormal
Glycosylation in Children handled by Editor(s). Dr. Eva Morava, Radboud
University Center, Netherlands

25.

26.

2

<

28.

2

[{e]

30.

31.

32.

3

w

34

35.

36.

37.

38.

39.

A new insight into PMM2 mutations in the French population. Hum Mutat 25:
504-505.

Pérez-Cerda C, Quelhas D, Vega Al, Ecay J, Vilarinho L, et al. (2008)
Screening using serum percentage of carbohydrate-deficient transferrin for
congenital disorders of glycosylation in children with suspected metabolic
disease. ClinChem 54: 93-9100.

Briones P, Vilaseca MA, Schollen E, Ferrer |, Maties M, et al. (2002)
Biochemical and molecular studies in 26 Spanish patients with congenital
disorder of glycosylation type la. J Inherit Metab Dis 25: 635-646.

. Kjaergaard S, Schwartz M, Skovby F (2001) Congenital disorder of glycosylation

type la (CDG-la): phenotypic spectrum of the R141H/F119L genotype. Arch Dis
Child 85: 236-239.

Matthijs G, Schollen E, Bjursell C, Erlandson A, Freeze H, et al. (2000)
Mutations in PMM2 that cause congenital disorders of glycosylation, type la
(CDG-la). Hum Mutat 16: 386-394.

. Silvaggi NR, Zhang C, Lu Z, Dai J, Dunaway-Mariano D, et al. (2006) The

X-ray crystal structures of human alpha-phosphomannomutase 1 reveal the
structural basis of congenital disorder of glycosylation type 1a. J BiolChem 281:
14918-14926.

Yue P, Melamud E, Moult J (2006) SNPs3D: candidate gene and SNP selection
for association studies. BMC Bioinformatics 7: 166.

Bao L, Zhou M, Cui Y (2005) nsSNPAnalyzer: identifying disease-associated
nonsynonymous single nucleotide polymorphisms. Nucleic Acids Res 33:
W480-482.

Morava E, Wosik H, Karteszi J, Guillard M, Adamowicz M, et al. (2008)
Congenital disorder of glycosylation type Ix: review of clinical spectrum and
diagnostic steps. J Inherit Metab Dis 31: 450-456.

. Stibler H, Holzbach U, Tengborn L, Kristiansson B (1996) Complex functional

and structural coagulation abnormalities in the carbohydrate-deficient
glycoprotein syndrome type |. Blood Coagul Fibrinolysis 7: 118-126.

. Jaeken J, Stibler H, Hagberg B (1991) The carbohydrate-deficient glycoprotein

syndrome. A new inherited multisystemic disease with severe nervous system
involvement. Acta Paediatr Scand Suppl 375: 1-71.

Arnoux JB, Boddaert N, Valayannopoulos V, Romano S, Bahi-Buisson N, et
al. (2008) Risk assessment of acute vascular events in congenital disorder of
glycosylation type la. Mol Genet Metab 93: 444-449.

Lefeber DJ, Morava E, Jaeken J (2011) How to find and diagnose a CDG due
to defective N-glycosylation. J Inherit Metab Dis 34: 849-852.

Morava E, Wopereis S, Coucke P, Gillessen-Kaesbach G, Voit T, et al. (2005)
Defective protein glycosylation in patients with cutis laxa syndrome. Eur J Hum
Genet 13: 414-421.

Morava E, Guillard M, Lefeber DJ, Wevers RA (2009) Autosomal recessive
cutis laxa syndrome revisited. Eur J Hum Genet 17: 1099-1110.

Peters V, Penzien JM, Reiter G, Kérner C, Hackler R, et al. (2002) Congenital
disorder of glycosylation Ild (CDG-IId) -- a new entity: clinical presentation with
Dandy-Walker malformation and myopathy. Neuropediatrics 33: 27-32.

Abnormal Glycosylation

Pediatr Therapeut

in Children

ISSN: 2161-0665 Pediatrics, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/21175687
http://www.ncbi.nlm.nih.gov/pubmed/21175687
http://www.ncbi.nlm.nih.gov/pubmed/16554263
http://www.ncbi.nlm.nih.gov/pubmed/16554263
http://www.ncbi.nlm.nih.gov/pubmed/17506657
http://www.ncbi.nlm.nih.gov/pubmed/17506657
http://www.ncbi.nlm.nih.gov/pubmed/17959325
http://www.ncbi.nlm.nih.gov/pubmed/17959325
http://www.ncbi.nlm.nih.gov/pubmed/12889654
http://www.ncbi.nlm.nih.gov/pubmed/12889654
http://www.ncbi.nlm.nih.gov/pubmed/18452889
http://www.ncbi.nlm.nih.gov/pubmed/18452889
http://www.ncbi.nlm.nih.gov/pubmed/18452889
http://www.ncbi.nlm.nih.gov/pubmed/10854097
http://www.ncbi.nlm.nih.gov/pubmed/10854097
http://www.ncbi.nlm.nih.gov/pubmed/10854097
http://www.ncbi.nlm.nih.gov/pubmed/19339218
http://www.ncbi.nlm.nih.gov/pubmed/19339218
http://www.ncbi.nlm.nih.gov/pubmed/10590041
http://www.ncbi.nlm.nih.gov/pubmed/10590041
http://www.ncbi.nlm.nih.gov/pubmed/10590041
http://www.ncbi.nlm.nih.gov/pubmed/10877554
http://www.ncbi.nlm.nih.gov/pubmed/10877554
http://www.ncbi.nlm.nih.gov/pubmed/11701646
http://www.ncbi.nlm.nih.gov/pubmed/11701646
http://www.ncbi.nlm.nih.gov/pubmed/16356420
http://www.ncbi.nlm.nih.gov/pubmed/16356420
http://www.ncbi.nlm.nih.gov/pubmed/11356431
http://www.ncbi.nlm.nih.gov/pubmed/11356431
http://www.ncbi.nlm.nih.gov/pubmed/19272306
http://www.ncbi.nlm.nih.gov/pubmed/19272306
http://www.ncbi.nlm.nih.gov/pubmed/10360403
http://www.ncbi.nlm.nih.gov/pubmed/10360403
http://www.ncbi.nlm.nih.gov/pubmed/10360403
http://www.ncbi.nlm.nih.gov/pubmed/10360403
http://www.ncbi.nlm.nih.gov/pubmed/18813717
http://www.ncbi.nlm.nih.gov/pubmed/18813717
http://www.ncbi.nlm.nih.gov/pubmed/18813717
http://www.scielo.br/pdf/rbhh/v32n1/aop27010.pdf
http://www.scielo.br/pdf/rbhh/v32n1/aop27010.pdf
http://www.scielo.br/pdf/rbhh/v32n1/aop27010.pdf
http://www.scielo.br/pdf/rbhh/v32n1/aop27010.pdf
http://www.ncbi.nlm.nih.gov/pubmed/1505496
http://www.ncbi.nlm.nih.gov/pubmed/1505496
http://www.ncbi.nlm.nih.gov/pubmed/1505496
http://www.ncbi.nlm.nih.gov/pubmed/15844218
http://www.ncbi.nlm.nih.gov/pubmed/15844218
http://www.ncbi.nlm.nih.gov/pubmed/15844218
http://www.ncbi.nlm.nih.gov/pubmed/18024528
http://www.ncbi.nlm.nih.gov/pubmed/18024528
http://www.ncbi.nlm.nih.gov/pubmed/18024528
http://www.ncbi.nlm.nih.gov/pubmed/18024528
http://www.ncbi.nlm.nih.gov/pubmed/12705494
http://www.ncbi.nlm.nih.gov/pubmed/12705494
http://www.ncbi.nlm.nih.gov/pubmed/12705494
http://www.ncbi.nlm.nih.gov/pubmed/11517108
http://www.ncbi.nlm.nih.gov/pubmed/11517108
http://www.ncbi.nlm.nih.gov/pubmed/11517108
http://www.ncbi.nlm.nih.gov/pubmed/11058895
http://www.ncbi.nlm.nih.gov/pubmed/11058895
http://www.ncbi.nlm.nih.gov/pubmed/11058895
http://www.ncbi.nlm.nih.gov/pubmed/16540464
http://www.ncbi.nlm.nih.gov/pubmed/16540464
http://www.ncbi.nlm.nih.gov/pubmed/16540464
http://www.ncbi.nlm.nih.gov/pubmed/16540464
http://www.ncbi.nlm.nih.gov/pubmed/16551372
http://www.ncbi.nlm.nih.gov/pubmed/16551372
http://www.ncbi.nlm.nih.gov/pubmed/15980516
http://www.ncbi.nlm.nih.gov/pubmed/15980516
http://www.ncbi.nlm.nih.gov/pubmed/15980516
http://www.ncbi.nlm.nih.gov/pubmed/18500572
http://www.ncbi.nlm.nih.gov/pubmed/18500572
http://www.ncbi.nlm.nih.gov/pubmed/18500572
http://www.ncbi.nlm.nih.gov/pubmed/8735800
http://www.ncbi.nlm.nih.gov/pubmed/8735800
http://www.ncbi.nlm.nih.gov/pubmed/8735800
http://www.ncbi.nlm.nih.gov/pubmed/1720595
http://www.ncbi.nlm.nih.gov/pubmed/1720595
http://www.ncbi.nlm.nih.gov/pubmed/1720595
http://www.ncbi.nlm.nih.gov/pubmed/18093857
http://www.ncbi.nlm.nih.gov/pubmed/18093857
http://www.ncbi.nlm.nih.gov/pubmed/18093857
http://www.ncbi.nlm.nih.gov/pubmed/21739167
http://www.ncbi.nlm.nih.gov/pubmed/21739167
http://www.ncbi.nlm.nih.gov/pubmed/15657616
http://www.ncbi.nlm.nih.gov/pubmed/15657616
http://www.ncbi.nlm.nih.gov/pubmed/15657616
http://www.ncbi.nlm.nih.gov/pubmed/19401719
http://www.ncbi.nlm.nih.gov/pubmed/19401719
http://www.ncbi.nlm.nih.gov/pubmed/11930273
http://www.ncbi.nlm.nih.gov/pubmed/11930273
http://www.ncbi.nlm.nih.gov/pubmed/11930273

	Title
	Corresponding author
	Abstract
	Keywords
	Abbreviations
	Introduction
	Patients and Methods
	Results
	CDG-I group (n=26)
	CDG-II group (n=6)
	PMM2 gene

	Discussion
	Acknowledgments
	References
	Table 1
	Figure 1
	Table 2
	Figure 2
	Table 3
	Table 4
	Figure 3
	Table 5
	Figure 4



