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Abstract
Möbius syndrome (MBS) is a rare congenital neurological 
disorder typically characterized by the absence or underde-
velopment of the 6th and 7th cranial nerves, causing a loss 
of facial expression and strabismus. Other cranial nerves 
may be affected in addition to other structures such as the 
jaw, limbs, and anterior chest. While the primary cause of 
MBS has not yet been identified different hypotheses have 
been enumerated, including a possible genetic alteration. 
The Hoxb1 gene may be a good candidate as mutations 
of the gene in animals yield a phenotype closely resem-
bles features of the clinical profile associated with humans 
suffering from MBS. Another good candidate gene may 
be Hoxa1 giving its implications in the development of the 
hindbrain, cranial nerves and ear in a possible functional 
synergy with Hoxb1. In this study we analyzed mutations in 
Hoxb1 and in its paralogue Hoxa1 in 29 MBS patients and 
also analyzed the feasible correlation between familial his-
tory and MBS by comparing the presence of polymorphisms 
in the compromised individuals with those found in their rel-
atives and in unrelated people. Furthermore, we investigat-
ed whether the incidence of polymorphisms is associated 
with the severity of the patient`s phenotype and whether the 
presence of polymorphisms is correlated with pregnancy 
intercurrences or the use of misoprostol during gestation. 
Finally, we investigated the effects of pregnancy intercur-
rences and use of misoprostol in patients’ phenotype. Our 
results do not establish a clear link between a specific mu-
tation and the others parameter analyzed concluding that 
the complex pattern of development of MBS stems from a 
heterogeneous etiology, which involves both genetic and 
environmental aspects.
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Introduction
Möbius syndrome (MBS) is a congenital unilateral 

or bilateral palsy of the abducens (VI) and facial (VII) 
cranial nerves. This disorder can be associated with 
palsy of other cranial nerves such as the trigeminal (V), 
glossopharyngeal (IX) and/or hypoglossal nerve (XII). 
Other malformations such as craniofacial and orofacial 
anomalies (e.g., cleft palate, abnormalities of the 
tongue, micrognathia), and limb malformations (e.g., 
ectrodactyly, syndactyly, arthrogryposis) can occur 
concurrently with MBS [1].

The precise etiology and pathogenesis of the 
syndrome are uncertain. The most accepted pathogenic 
mechanism is a circulatory disorder at early stages 
of development. In most cases, no genetic etiology 
has been identified but familial occurrence has been 
described [2]. Mutations in Hoxa1 and Hoxb1 genes 
have been proposed to play a role in the development 
of MBS [3-5] but in Brazil, an environmental cause such 
as the use of abortifacients like misoprostol also has 
been described [6,7].

Brazilian law bans abortion except in special condi-
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any kind of intercurrence during gestation and the use of 
medications, notably misoprostol. When documenting 
medicine use, trimester of pregnancy was noted. Fur-
thermore, the presence of other syndrome or malfor-
mation in a member of the family was investigated for 
details about the phenotype and familial relation with 
the affected individual. To obtain this information, the 
caretakers were asked to state if any other member of 
the family presented characteristics similar to the MBS 
individuals or any other type of physical malformation. 

DNA extraction
Five cytobrushes (Gentra Puregene Cell Kit® 

Quiagen©) were used per study participant and rotated 
10 times on the oral mucosa. The collected cells were 
put in 1.5 ml eppendorf tubes with sterile lysis solution 
and DNA extraction followed the manufacturer’s 
protocol. After extraction, samples were stored at -70 
°C for later use.

Amplification and sequencing
The gene of interest was polymerase chain reaction 

(PCR)-amplified with the following oligonucleotide 
primers: Hoxa1, (sense) 5’ GCAAGAATGAACTCCTTCCTG, 
(antisense) 3’-ACCAACCAGCAGGACTGACCT; and Hoxb-
1, (sense) 5’ GCATGGACTATAATAGGATG, (antisense) 3’ 
TCTTGGGTGGGTTTCTCTTA).

Amplification for Hoxa1 consisted of initial denatur-
ation at 94 for 3 min and following 40 cycles of 94 °C 
(for 40 sec); 64 °C (for 45 sec); 72 °C (for 1 min); 72 °C 
(for 5 min), producing a 661-bp fragment. Amplification 

tions as in the case of pregnancy after rape. The exist-
ence of a black market for selling abortifacients medi-
cations such as misoprostol is one of the consequences 
of this prohibition. Unfortunately, purchase of misopr-
ostol in such circumstances compounded with the lack 
of quality control is often associated with improper use, 
which may contribute to the high numbers of Möbius 
patients found in Brazil. The Dental School of the Uni-
versity of São Paulo is the largest in Brazil and because it 
is a countrywide referral center for special care dentist-
ry, the number of Möbius patients is significantly high.

We investigated a possible correlation between 
mutations in Hoxa1 and Hoxb1 genes and MBS. In 
addition, we analyzed the feasible correlation between 
familial history and MBS comparing the presence of 
polymorphisms in the compromised patient’s group 
with those found in their relatives and in biologically 
unrelated individuals. Furthermore, we investigated 
whether the incidence of polymorphisms was 
associated with the severity of the patient`s phenotype 
and whether the presence of polymorphisms was 
correlated with pregnancy intercurrences or with the 
use of misoprostol during gestation. And finally, we 
investigated whether pregnancy intercurrences or the 
use of misoprostol could independently influence the 
patients’ phenotype.

Methods

Setting and patients
For 3 years, we examined a total of 59 patients 

with Möbius syndrome from the Special Care Dentistry 
Center at School of Dentistry, University of São Paulo, 
Brazil. Thirty patients were included in the present 
study. For ethical reasons, only individuals under dental 
treatment could be included, as patients should not be 
mobilized for the sake of the study.

Thirty individuals with MBS (group 1), of which 
fourteen were women (47%) and sixteen were men 
(53%), were assessed by two trained and calibrated 
dentists using CLUFT grading system as previously 
described in Abramson, et al. 1998 [8]. This system 
categorizes and grades the cranial nerve deficits and 
diverse musculoskeletal abnormalities of the face, 
upper and lower limbs and trunk. The first letter for 
each of five potentially involved structures - cranial 
nerve, lower limb, upper limb, face, and thorax - formed 
the acronym CLUFT. The structural and/or functional 
deficits for each component were graded on a scale of 
0 to 3 (Table 1). For the control’s groups, we enrolled 
15 MBS individuals’ relatives (Group 2) and 15 non-
syndromic and non-consanguineous individuals (Group 
3).

In addition, from the patients’ files and/or from di-
rect inquiry of the patient`s caretakers, we obtained 
information related to prenatal medical history such as 

Table 1: CLUFT grading system.

Cranial nerve Grade
VIIth nerve partial 0
VIth and VIIth partial 1
VIth and VIIth complete 2
Additional nerve involvement 3
If bilateral and equal add B
Lower limb
Normal 0
Talipes equinovarus, syndactyly, ankylosis 1
Absent phalanges 2
Longitudinal or transverse deficits 3
Upper limb
Normal 0
Digital hypoplasia or failure of differentiation 1
Ectrodactyly 2
Failure of formation, longitudinal or transverse 3
Facial structure
Normal 0
Cleft palate 1
Micrognathia 2
Microtia, microphthalmia, abnormal joint, etc. 3
Thorax
Normal 0
Scoliosis 1
Pectoral hypoplasia or breast anomaly 2
Chest wall deformity, breast or pectoral aplasia 3
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polymorphisms (SNP) or insertions/translocations of bp 
catalogued at PubMed date baseline as well as possible 
new alterations.

All genetic findings were evaluated by Fisher’s exact 
test with the software STATA 8.2. (Intercooled Stata 
8.2 for Windows, StataCorp LP, 2005; College Station 
TX - USA). The genetic data was correlated with the 
phenotype of Möbius patients (graduated by CLUFT 
system), with prenatal medical history (intercurrence 
during pregnancy, use of misoprostol and/or other 
medication) and presence of other syndromes or 
malformations in the family. Furthermore, after this 
initial correlation analysis, all the data collected in the 
prenatal history and presence of other syndromes 
and malformations in the family were compared 
independently with each other.

Results
All patient’s findings obtained in this study are 

depicted in Table 2. Facial nerve involvement was 
present in all individuals from group 1, being bilateral 

for Hoxb1 consisted of the same cycling, but with the 
annealing temperature of 58 °C, resulting in a 576-bp 
fragment. Part of the amplicons were electrophoresed 
on a 2% agarose gel and stained with ethidium bromide. 
The other part was stored at -20 °C for sequencing.

Amplicons were sequenced with the MegaBACE 
1000® equipment (Amersham Biosciences) utilizing AP 
Biotech DYnamic ET Dye Terminator Cycle Sequencing 
Kit (with Thermo Sequenase™ II DNA Polimerase) 
according to manufacturer`s instructions. The analysis 
was carried out using the Lasergene® software (DNAstar 
INC). The amplicons of the test and control groups were 
compared with the published sequences of Hoxa1 
and Hoxb1 in the GenBank (www.ncbi.nlm.nih.gov/
genbank/).

Analysis
Data analyses were assessed in probands, their 

relatives (15 patients) and in non-syndromic and non-
consanguineous patients (15 patients). The analyses 
included search for mutations as single nucleotides 

Table 2: Clinical findings.

Pregnancy History/Month CLUFT Relatives with MBS or 
other abnormalities

Pa
tie

nt Medical problem (month) Medicine used (month)
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Degree of Kinship: 
Abnormality

1 - Misoprostol (3rd) 1B 0 0 2 0 -

2 Bleeding Antiallergenic + anti haemorrhagic (2ed) 1B 3 3 2 2 First-degree cousin: S. 
Cornelia de Lange

3 Bleeding + pneumonia Antibiotic (3rd) 2 3 0 1 0 -

4 Pyoderma (2ed) Misoprostol + penicillin (2ed) 3B 3 0 2 0
First-degree uncle: Down`s 
S./First-degree cousin: 
congenital blindness

5 Widespread erythema (2ed) - 3 3 3 2 1 -

6 Car accident (clavicle fracture) Analgesic 0 0 0 2 0 First-degree cousin: 
Down`s S.

7 - - 3B 3 3 2 0 First-degree cousin: 
Down`s S.

8 Rubella - 3 1 0 0 0

First-degree uncle: Down`s 
S./Third-degree uncle: 
Down`s S./Third degree 
cousin: Neurofibromatosis

9 - Misoprostol (1st) 3B 3 0 2 3

First-degree uncle: Lack 
of de uvula, upper lip hypo 
mobility, face weakness 
and strabismus

10 Gastritis Ranitidine (2ed) 2B 0 3 2 3 -

11 There was no movement of the 
foetus Misoprostol (1st) 0 3 0 2 1 Brother: Talipes 

equinovarus

12 Hypertension Misoprostol + contraceptive + 
antihypertensive (1st) 3 0 1 2 1

Second-degree cousin: 
Motor disability/Other 
relatives presented visual 
impairment not specified

13 - Misoprostol (1st and 2ed) 3B 3 0 3 3 -
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brachydactyly, syndactyly, camptodactilia and/or 
arthroses (Figure 2).

Three patients (number 6, 20 e 29 in Table 2) with the 
lowest CLUFT (00020) presented normal facial mobility 
on the lower and medium third of the face and one 
of them had a satisfactory ocular unilateral mobility. 
These patients did not present with any anomalies on 
the upper or lower limbs and on the thorax. The MBS 
patients frequently had micrognathia.

The most serious case of MBS (patient 13 in Table 
2 - CLUFT 3B3033) presented with severe facial 
weakness, strabism, micrognathia, total loss of mobility 
of the tongue, microphthalmia, micrognathia, talipes 
equinovarus, short lower and upper limbs, hypoplastic 
pectoralis, lack of balance and hydrocephaly.

in 90% of the cases (27/30). The upper face was more 
affected than the lower, but 26 patients (86.6%) 
also presented hypomobility of the lower face. The 
hypoglossal nerve was affected in 15 patients (50%). 
Other facial structures such as the eyes, palate and 
mandible were compromised in 10% of the individuals 
with MBS (3/30) (Figure 1A).

Facial abnormalities as epicanthic folds, flattened 
nasal bridge, cleft palate and dental malformations 
were concurrently found but some patients were more 
affected than others (Figure 1A and Figure 1B).

The thorax, lower and upper limbs showed 
involvement in 36.7, 53.3 and 30% of the MBS cases, 
respectively (Table 2). Some Möbius patients had short 
limbs, loss of digits, ectrodactyly, talipes equinovarus, 

14 Uterine bleeding after fall 
(ending of pregnancy)

Misoprostol + antibiotic + diclofenac 
sodium + laxative (1st) 1B 1 0 2 0

Second-degree uncle: 
Ondine Syndrome/Third-
degree cousin: shortened 
leg

15 Fall Misoprostol (month not specified) 3B 0 1 2 0 First-degree cousin: 
Paralysis of lower limbs

16 Stress - 3B 1 0 2 0

First-degree cousin: 
Syndactyly/First-degree 
cousin: hypoxia at birth 
and motor disorders/First-
degree cousin: Fragile X 
syndrome

17 Stress - 0 1 0 2 1 -

18 Urinary infection + treat of 
abortion/(1st)

Antibiotic + antiallergenic + 
contraceptive (4th) 3 0 0 2 0

Second-degree uncle: 
Physical deformity and 
speech impairment/Third-
degree cousin: unknown 
syndrome
Deformidade física 
e problemas de fala/
Síndrome não esclarecida

19 - Misoprostol/2° 1 0 0 2 0 -

20 Stress Misoprostol (2ed) 0 0 0 2 0

First-degree cousin: Thorax 
and heart malformation/
Second-degree cousin: 
Hypoplastic thorax and 
abnormal lower limbs

21 - - 3B 0 0 2 1 -

22 Fall + early childbirth (5th) - 1 0 3 2 0
First-degree uncle: Cleft 
palate/Second--degree 
cousin: Down`s S.

23 - Analgesic + antiallergenic (2ed) 3B 3 0 2 3 -
24a - - - - - - - -

25 Mumps (2ed) + uterine bleeding 
(3rd) - 2B 3 2 2 0 -

26 Vaginal bleeding (1st- 9th) Misoprostol (1st) 3B 3 1 2 1 -
27 Uterine bleeding (7th) Dipyrone (2ed) 3B 0 0 2 0 -

28 Hypertension Aldomet + bethametasone + diclofenac 
sodium (1st to 9th) 2B 3 0 2 0

First-degree cousin: 
Short limbs and e 
gastroesophageal reflux/
Second--degree cousin: 
MBS and visual deficiency

29 Stress Misoprostol (1st) 0 0 0 2 0 First--degree uncle: Visual 
deficiency

30 Urinary infection + uterine 
bleeding Antibiotic + antiallergenic (2ed) 2B 3 0 2 0 -

aPatient didn’t return for clinical evaluation.
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When comparing use of misoprostol with involve-
ment of cranial nerves classified by CLUFT system it was 
possible to find a significant difference between use of 
misoprostol and involvement of the “upper limb (U)” (p 
= 0.02). 100% of the mothers of patients with U = 1 used 
misoprostol during pregnancy but 80% of the mothers 
of patients with U = 3 (more severe upper limb pheno-
type) did not use the misoprostol during pregnancy or 

Twelve Möbius individuals (40%) were exposed to 
misoprostol during the first trimester of pregnancy. 
Two of the less affected patients were exposed to 
misoprostol during the first and second months of 
pregnancy, respectively, but the patient with the most 
severe MBS phenotype (patient 13 above mentioned) 
also admitted exposure to misoprostol during the first 
and second months of pregnancy.

     

Figure 1: Facial aspects often seen in MBS’ individuals. A) Mask-like face, large angle esotropia; B) Facial convex profile, 
micrognathia and short philtrum height; C) Incomplete eyelid closure; D) Tongue abnormalities.

     

Figure 2: Clinical features commonly seen MBS patients’ limbs. Clinical features commonly seen MBS patients’ limbs. A and 
C) Ectrodactyly; B) Syndactly; D) Corrected clubfoot deformity.

https://doi.org/10.23937/2469-5807/1510085
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the location of the study. No individuals from groups 2 
and 3 showed any disturbance on face, limbs or chest.

All the DNA samples (from groups 1, 2 and 3) were 
sequenced. The genetic materials were compared 
with the DNA sequences available at GeneBank and 
they showed more than 95% homology. Nucleotides 
alterations were found in both Hoxa1 and Hoxb1 
genes in all groups analyzed (Möbius patients, their 
relatives (group 2) and in non-syndromic and non-
consanguineous patients (group 3).

For the Hoxa1 gene, only one single nucleotide 
polymorphism was observed (G218A) (Figure 3A’, Figure 
3A’’ and Figure 3A’’). For Hoxb1, there was an insertion 
of 9 bp and 3 single nucleotide polymorphisms (C243T; 
A315T; G456A) on the first exon (Figure 3B and Figure 
3B’). Although these changes are polymorphisms, only 
the polymorphism G218A (Hoxa1), A315T (Hoxb1) and 
the insertion of 9 bp on Hoxb1 gene results in change of 
protein transcription.

When comparing polymorphisms in MBS patients, 
their parents and the control group, there is a 
significant difference only in the polymorphisms C243T, 
A315T and G456A. The polymorphism C243T (p = 
0.03) is homozygous (CC) in 73.3% of MBS patients 
and heterozygous (CT) in 46.7%. Two samples of the 
control group still had presented with the nucleosides 
TT. The polymorphism A315T (p = 0.01) presented the 
nucleosides AA in 86.7% of MBS patients while in 46.7% 

omitted this information from the examiners. 

Eight patient mothers’ mentioned use of other 
medication other than misoprostol during pregnancy. 
The medication used (depicted in Table 2) was variable 
in terms of type or month of gestation used, and thus, 
we could not find any specific pattern. 

Eighteen patients (54%) stated at least one form of 
intercurrences during pregnancy (bleeding accidents, 
diseases), and four of them were in abortion risk ac-
cording to health caretaker. The patients who could not 
specify the type of gestational intercurrence or who only 
related stress as intercurrence were not considered in 
this analysis. There were no statistically significant dif-
ferences between intercurrences during pregnancy and 
exposure to medications other than misoprostol with 
the incidence of MBS or severity of the clinical pheno-
type.

Among 15 individuals from group 1 (affected 
individuals), five (cases 9, 11, 12, 18 and 28 in Table 
2) presented relatives with phenotype common to 
MBS: brother with talipes equinovarus (patient 11), 
uncle with facial weakness and strabismus (patient 9), 
second-degree cousin with motor palsy (patient 12) and 
a second-degree cousin with MBS (patient 28). Down 
syndrome was the most common syndrome found in 
MBS patient’s relatives and occurred in 6 families. None 
of these families could be submitted to a supplementary 
genetic analysis given their geographic removal from 

     

Figure 3: Electropherograms of Hoxa1 (A’, A’’ and A’’’) and Hoxb1 genes (B’ and B’’). A’) Hoxa1 G218A polymorphism; A’’) 
Wild-type gene sequence; A’’’) Homozygous polymorphism; B’) Wild-type sequence and B’’) Insertion of 9pb. 
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the non-syndromic and non-consanguineous patients). 
Likewise, the presence of the nucleoside GG in the pol-
ymorphism G456A was found in 66.7% of MBS patients 
in contrast with 33.3% in the control group 2 (p = 0.02). 
Furthermore, 60% of the controls (46.6% of the control 
group 2 and 73.3% of the control group 1) had no inser-
tion of pb.

Significant positive correlation could also be observed 
among patients with involvement of XII cranial nerves 
and the polymorphisms A315T (p = 0.04) and G456A (p 
= 0.02). 100% of the patients with the polymorphism 
A315T had nucleosides AA in contrast with just 56.7% 
of the controls (46.6% of the control group 2 and 66.7% 
of control group 1). Similarly, 86.7% of those with the 
polymorphism G456T had nucleosides GG while just 
46.7% of the controls presented the same (60% of the 
non-syndromic relatives and 33.3% of the non-relatives 
and non-syndromic).

Moreover, none of the genetic alterations had 
significant correlation with gestational intercurrences 
or use of misoprostol.

Discussion
Möbius syndrome is a rare congenital disorder 

involving complete or partial facial nerve palsy with or 
without paralysis of their cranial nerves [2,9].

The etiology and the pathogenesis of the syndrome 
are currently unclear. Some authors believe that there 
are at least two different groups of patients with MBS. 
One group has been proposed to consist of patients with 
hereditary congenital facial palsy in which agenesis or 
hypoplasia of the cranial nerve nuclei is pathologically 
present and its penetrance is due to genetic or non-
genetic factors. A second group of authors believe 
that the etiology of MBS is correlated with congenital 
hypoplasia of cranial nerve nuclei resulted from ischemia 

of the patients of the control group had the nucleosides 
AA and other 46.7% of them had the nucleosides 
AT. Only one person presented with nucleosides TT. 
With regard to the G456A polymorphism, 66.7% of 
the patients were homozygous for GG while only 3 
individuals of the control group were homozygous and 
46.7% were heterozygous (GA) (Table 3). 

When comparing polymorphisms among MBS pa-
tients and their relatives (control group 1), only the 
G218A polymorphism showed statistical significance (p 
= 0.03). 63.3% of the patients and 86.7% of their rela-
tives had the AA nucleosides in their genomes. Howev-
er, when comparing the presence of polymorphisms in 
the relatives of MBS patients (GROUP 2) and the GROUP 
3, no polymorphism was found to be of any significance.

It was possible to establish a positive correlation 
between clinical impairment of “Lower Limb (L)” 
classified by CLUFT system and the polymorphisms 
C243T (p < 0.01), G456A (p = 0.02) and insertion of 9pb 
(p < 0.01). Interestingly, for the C243T polymorphism, 
100% of the patients with L = 3 had the nucleosides CC 
in their genome while only 60% of the patients with L 
= 1 presented this same homozygous pattern. At the 
same time none of them presented the nucleosides TT. 
To the G456A polymorphism, 92.3% of the patients with 
L = 3 had nucleosides GG and only 58.3% of the patients 
with L = 1 had this same homozygosis. 58.3% of the 
patients with L = 0 had nucleosides GA. Any of them had 
nucleosides AA. In relation with the insertion of 9pb, 
100% with L = 3 and 60% with L = 1 had no insertion of 
pb.

When performing analysis for A218G the polymor-
phisms C243T comparing MBS patients to controls 
(group 2 and 3), a significant difference was observed 
(p = 0.03) between presence of the nucleosides CC in 
the MBS (73.3% of the cases) and the group 3 (40% of 

Table 3: Statistical significant dates involving Hox polymorphisms.

Groups Polymorphism Nucleoside MBS patients (n = 30) Control groups (n = 30) p-value

MBS patients Versus 
Non-MBS patients A315T (Hoxb1)

MBS patients (n = 30) Non-MBS patients (n = 30)
AA 26 (86.7) 17 (56.7) 0.02
AT 4 (13.3) 12 (40)
TT 0 (0) 1 (3.3)

MBS patients Versus 
Non-consanguineous 
and Non-syndromic 
patients (control 
group 2)

C243T (Hoxb1)

MBS patients (n = 30) Non-consanguineous and non- 
syndromic (n = 15) p-value

CC 22 (73.3) 6 (40) 0.03
CT 8 (26.7) 7 (46.7)
TT 0 (0) 2 (13.3)

A315T (Hoxb1)
AA 26 (86.7) 7 (46.6) 0.01
AT 4 (13.3) 7 (46.7)
TT 0 (0) 1 (6.7)

G456A (Hoxb1)
GG 20 (66.7) 5 (33.3) 0.02
GA 10 (33.3) 7 (46.7)
AA 0 (0) 3 (20)

MBS patients Versus 
Their relatives 
(Control group 1)

G218A (Hoxa1)

MBS patients (n = 30) Consanguineous (n = 15) p-value
GG 0 (0) 1 (6.6) 0.03
GA 11 (36.7) 1 (6.7)
AA 19 (63.3) 13 (86.7)                                                       

https://doi.org/10.23937/2469-5807/1510085
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individuals. Therefore, the results found in our genetic 
screening for Hoxa1and Hoxb1, cannot be considered 
entirely causative of the syndrome. However, we can-
not exclude the possibility that the presence of some of 
the polymorphisms is contributory, for example by mak-
ing some individuals more susceptible to environmental 
toxins or medications.

When investigating other factors in MBS 
etiopathogenesis as the possible correlation of use of 
abortifacients during pregnancy and MBS, we found 
that despite the exposure of twelve probands (40%) to 
the misoprostol during the first trimester of gestation, 
drug use could not by itself be considered as the only 
etiogenic factor. However, we assume that the incorrect 
use of abortifacients as misoprostol are associated with 
an increased risk of Möbius’ syndrome as previously 
described [7].

The termination of early pregnancy (up to 49 days 
of gestation) using combining misoprostol and mifepris-
tone is a legal procedure in countries such as the UK 
[22,23] and has been demonstrating to be effective and 
safe when performed with medical assistance [24]. In 
Brazil, abortion is illegal (except for cases of rape or in-
cest or when the mother’s life is at risk), but misoprostol 
is used to induce abortions given its low cost and acces-
sibility in the black market [25]. Thus, in places like Bra-
zil, the incorrect use of misoprostol results in up to 80 
percent of the times the continuation of the pregnancy, 
increasing incidence of malformations in infants [7,26].

Fifteen patients (50%) reported to have relatives 
with some syndrome or malformation and four of 
them (13.3%) have relatives with clinical characteristics 
similar to those of the Möbius patients. Interestingly 
Verzijl, et al. [27] analyzed the familial history of MBS in 
37 MBS patients and found just one case (a mother and 
her son with similar phenotype). Nevertheless, in the 
early 1990s a review presented 26 reports of “familial 
Mobius syndrome” [27].

All patients presented facial nerve involvement. 
According to prior literature, the upper face is more 
affected than the lower and the VIth and VIIth facial 
nerves are the most seriously involved followed by 
the hypoglossal (XII) and trigeminal (V) cranial-nerves 
[6,12,28]. Our results are consistent with those findings 
except for alterations on the trigeminal cranial nerve, 
which we could not observe, likely due to the absence 
of complementary exams as electromyography and 
electrostimulation.

The assessment of tongue involvement in Möbius 
patients by the CLUFT system showed to be difficult, 
as many patients had extrinsic but no intrinsic muscle 
function in the tongue. They could protrude, retract, 
depress and elevate the tongue but they could not 
lengthen or shorten it, curl or uncurl its apex and 
edges, or flatten and round its surface. Moreover, 

of the brainstem accompanied by necrosis, gliosis and 
calcifications owing to an environmental, mechanical 
or a genetic cause [6,7,10,11]. The mechanism has not 
been elucidated, but the cranial nuclei of the VI and 
VII nerves, which are located in the ventral part of the 
rhombencephalon, in a thin and dilated portion of the 
brain and with relative lack of tissue, appear to make 
them a particularly vulnerable structure. If flexion 
or trauma occurs in this area during early gestation 
like those by uterine contractions stimulated by 
abortifacients [7], decreased blood flow could follow as 
well hemorrhage and/or cell death in the cranial nuclei 
[12].

Considering a possible genetic etiology of MBS, 
different studies have shown possible candidates. While 
some authors speculate that a single chromosome 
deletion (chromosome 13q12.2) [13] or a single 
mutation in Hoxb1 gene (Arg207Cys) [14] could be 
involved in MBS etiopathogenesis others have found 
common genetic alterations (locus on chromosome 
3q21-22) in MBS patients from a same family [15] and 
have excluded the possibility of involvement of other 
genes such as TPΨg-BASP1 [16]. Additionally, animal 
models have shown that mutations of Hoxa1 affect the 
hindbrain, cranial nerves, ear [17-19], cardiovascular 
and cognitive development [19] and Hoxb1 gene 
disruption leads to defects in formation of the somatic 
motor component of the VII nerve (facial) similar of 
patients with MBS [5].

Our approach in searching for Hoxa1 and Hoxb1 
alterations was based on previous studies in mice that 
suggested that these genes synergize in patterning 
the hindbrain, cranial nerves and derivatives of the 
pharyngeal arches, with the phenotype resembling 
features of the clinical profile associated with Möbius 
Syndrome in humans [4,5,20].

In our study, it was possible to establish a positive 
correlation about the presence of the polymorphism 
G218A in the Hoxa1 when comparing MBS patients and 
their relatives. Conversely, another study reported that 
neither participant with Möbius syndrome and autism 
spectrum disorder harbored the G218A polymorphism 
[21].

Furthermore, although there are significant correla-
tions between the presence of 3 single nucleotide pol-
ymorphisms (C243T; A315T; G456A) in Hoxb1 gene and 
MBS phenotypes, it was impossible to predict if these 
genetic alterations affected gene function and their rel-
ative contributions, if any.

As a whole, no type of polymorphism found in our 
study was specific and could be seen only in patients 
with Möbius patients. Even when patients presented a 
significant difference in the expression of a specific type 
of polymorphism, it could still be found in patient’s rel-
atives and/or non-syndromic and non-consanguineous 
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do they appear to severity of the clinical phenotype. 
Genetic alterations found in Hoxa1 and Hoxb1 suggest 
that the lack of association between pathogenic 
mutations and MBS exclude these genes as candidate 
genes in MBS etiopathogenesis. Any genetic alteration 
could be correlated with the use of misoprostol or 
intercurrences during early pregnancy. In fact, probably 
both environmental and/or genetic factors contribute 
to MBS etiology and severity and additional studies are 
necessary to elucidate these indices.
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