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We performed a study to present a phenotypic and genotypic characterization of a patient clinically 
diagnosed with carbonic anhydrase II (CAII) deficiency syndrome. Medical records were reviewed, 
and oral examination was performed. Sanger sequencing was undertaken for molecular diagnosis. 
The patient presented with osteopetrosis, renal tubular acidosis, cerebral calcification, blindness, 
deafness, and development delay. The oral manifestations included anterior open bite, posterior 
crossbite, tooth eruption impairment, and hypoplastic amelogenesis imperfecta (AI). Molecular 
analysis revealed a CA2 homozygous deletion (c.753delG, p.Asn252Thrfs*14) and confirmed the 
clinical diagnosis. This study suggests that AI can be another feature of CAII deficiency syndrome. 
For the first time, a CA2 disease-causing variant is reported to be associated with syndromic AI.

Carbonic anhydrase II (CAII) deficiency syndrome 
(#OMIM 259730), also known as marble brain 
disease or Guibaud-Vainsel syndrome, is an autosomal 
recessive disease characterized by an increased bone 
density and metabolic acidosis that cause osteopetrosis, 
renal tubular acidosis and cerebral calcification (1). 
Affected individuals usually present with cranial nerve 
compression causing intellectual disability, blindness and 
deafness, recurrent bone fractures, and nephrocalcinosis. 
CAII is a cytoplasmic enzyme encoded by the CA2 gene, 
mainly expressed in bone, brain, distal renal tubules, and 
erythrocytes, regulating intracellular pH by catalyzing 
the conversion of carbonic acid (H2CO3) to bicarbonate 
(HCO3-) and hydrogen ion (H+). CAII is involved in 
osteoclast differentiation, bone resorption, and in the 
acid-base physiology of the kidneys (2).
 In recent years, experimental studies in mice have 
also demonstrated that ameloblasts express CAII 
during amelogenesis, especially in the transition and 
maturation stage (3-5). In mice, this protein plays a role 
in intracellular pH control, which is essential for normal 
enamel development. However, the enamel phenotype 
description has not been the focus of the clinical reports. 
Tooth eruption disturbances, severe dental caries, 

crowded teeth, and dental malocclusion are the most 
common oral manifestations reported (6-8).
 Amelogenesis imperfecta (AI) comprises a 
heterogeneous group of inherited development defects 
of enamel (DDE) (9). AI can be an isolated or syndromic 
trait that affects all or almost all teeth in both dentitions. 
The mode of inheritance can be autosomal recessive, 
autosomal dominant, or X-linked. In hypoplastic AI, the 
enamel thickness or shape is altered; in hypomaturation 
and hypocalcified AI, the enamel matrix mineralization 
is incomplete, and enamel hardness is reduced.
 The present study aimed to perform a phenotypic 
and genotypic characterization in a current 26-year-old 
female Brazilian patient (III:1) clinically diagnosed with 
CAII deficiency at age nine years old.
 The study was approved by the Research Ethics 
Committee, Faculty of Health Sciences, University 
of Brasilia (certificate of presentation for ethical 
appreciation number 43064320.3.0000.0030) in 
accordance with the Declaration of Helsinki. Informed 
consent was obtained from the participants.
 The proband was the only affected member in the 
family (Figure 1, A). Parents reported no consanguinity, 
but both were born in a small village in the State of 
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Maranhão, Brazil. She was an only child, delivered 
from an uncomplicated pregnancy. She presented with 
osteopetrosis, microcephaly, cerebral calcifications, 
developmental delay, short stature, limb malformations, 
and recurrent fractures of the femur, tibia, and fibula 
(Figure 1, C-E). Furthermore, she presented right optic 
nerve atrophy with visual impairment, strabismus, 
horizontal nystagmus, and conductive hearing loss. At 
age nine years old, she presented with low values of 
venous blood pH (7.21), low HCO3 (16.7 mEq/L) and 
low base excess (-10.5 mmol/L); high urinary pH (6.0); 
high urinary excretion of calcium (5.4 mg/kg/24 h), 
and low excretion of citrate (0.32 mmol/24 h). She was 
diagnosed with distal renal tubular acidosis, metabolic 
acidosis, hypercalciuria, and hypocitraturia. 
 At age 9, she was referred to the Oral Care Center 
for Inherited Diseases, University Hospital of Brasilia, 
University of Brasilia, and a complete oral examination 
was performed. She presented mixed dentition with 
generalized enamel hypoplasia, high-arched and ogival 
palate, anterior open bite, posterior crossbite, crowded 
teeth, ectopic eruption, and altered tooth shape. Later, at 
age 17, she presented with retained primary and impacted 
permanent teeth. All primary and permanent teeth 
presented with hypoplastic pits and grooves resembling 
hypoplastic AI (Figure 1, F-J). She also presented with 
gingival inflammation in areas of crowded teeth due 

to difficult access for oral hygiene. Dental panoramic 
radiography showed tooth eruption impairment and 
impacted teeth (Figure 1, K).
 Venous blood was collected from the proband and the 
mother for DNA isolation. CA2 gene was amplified using 
specific pairs of primers (available upon request), and 
PCR products were sequenced. Sanger sequencing results 
were compared with CA2 reference sequences (http://
www.ensembl.org) and revealed that the proband was 
homozygous and the mother (II:3) was heterozygous for a 
single base pair deletion resulting in a frameshift mutation 
in exon 7 (CA2: c.753delG, p.Asn252Thrfs*14) (Figure 
1, B). The variant was predicted to be likely pathogenic 
(PM2, PVS1, PP4) according to the American College of 
Medical Genetics and Genomics (ACMG) criteria (10). 
The father (II:2) was not available for the genetic exam. 
The variant nomenclature was checked on the Mutalyzer 
Website (https://mutalyzer.nl) and registered in the Leiden 
Open Variation Database (LOVD).
 In this study, the patient presented with the classic 
features of CAII deficiency syndrome, except for 
the absence of nephrocalcinosis, and the presence 
of hypoplastic AI, which had never been previously 
reported in this syndrome. The same variant detected in 
our patient had already been reported in two Mexican 
siblings (11), but the orodental features were not 
described.
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Figure 1. Genetic, clinical, and radiographic findings of this study. (A) Pedigree illustrates the absence of other affected members in the family 
or parental consanguinity. (B) Chromatograms show mother heterozygosity and proband homozygosity for the CA2 variant. (C) Physical extraoral 
examination detected slender fingers and bilateral 5th finger clinodactyly in upper limbs. (D) It was also observed hammertoe bilaterally (1st toes), 
sandal gap, and short 3rd/4th toes in lower limbs. (E) Radiography of knee and leg showing tibial and fibular fractures. (F) Intraoral examination 
at age 17: anterior open bite, posterior crossbite with crowded teeth, and ectopic eruption (*). (G) The occlusal view shows a high-arched palate 
with maxillary atresia. (H) Crowded teeth in the mandible and primary second molars retention. (I) Ectopic eruption of maxillary first premolar 
with hypoplastic pitting enamel (*). (J) Approximate view of a lower permanent first molar with hypoplastic pitting enamel. (K) Dental panoramic 
radiography at age 26 revealed retention of primary molars, eruption failure of upper permanent molars (white triangles), and abnormal enamel 
thickness in primary and permanent molars (white arrows).
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genes are functionally expressed in both ameloblasts and 
kidney cells.
 In conclusion, the generalized enamel hypoplasia 
observed in the primary and permanent teeth in 
the present case suggests that AI can be part of the 
phenotypic spectrum of CAII deficiency syndrome. 
Additionally, we suggest that this syndrome should 
be included in the hall of syndromic AI and, more 
specifically, in the group of autosomal recessive 
diseases with renal and dental enamel involvement. 
These results reinforce the importance of referring 
patients with autosomal recessive renal diseases for oral 
examination. Likewise, AI patients should be referred for 
nephrological evaluation.
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