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D e hipovitaminose em uma população com má oclusão de Classe II. Dissertação de 

Mestrado. Curitiba: Universidade Positivo, 2022. 

 

RESUMO 

Vários fatores podem ser responsáveis pelo desenvolvimento da má oclusão de 

Classe II, incluindo o histórico genético individual. O gene Receptor de Vitamina D 

(VDR) fornece instruções para a produção uma proteína chamada receptor de vitamina D 

(VDR), que permite ao corpo responder à vitamina D. Esta vitamina está envolvida na 

manutenção do equilíbrio adequado de vários minerais no corpo, incluindo cálcio e 

fosfato, que são essenciais para a formação normal dos ossos e dentes. Este estudo teve 

como objetivo investigar a associação de polimorfismos genéticos no VDR com o 

desenvolvimento de má oclusão de Classe II. O estudo seguiu o Reforço das diretrizes da 

Declaração de Estudos de Associação Genética. Realizou-se anamnese, exame clínico e 

de imagem e coleta de sangue dos 32 pacientes (com idades entre 10 e 16 anos), todos 

possuindo má oclusão de Classe II, que foram inscritos no tratamento na clínica de 

Especialização em Ortodontia da Universidade Positivo entre os anos de 2017 e 2018. O 

DNA genômico foi coletado e os polimorfismos rs739837, rs2228570 no gene VDR 

foram genotipados usando o StepOnePlus ™ Real-Time PCR System. Os dados foram 

analisados por meio do programa Epi Info 7.2 com nível de 0,05 de significância para 

comparar as distribuições de alelos e genótipos entre os grupos com valores deficientes / 

insuficientes (hipovitaminose) e normais de vitamina D. Trinta e dois indivíduos 

participaram do estudo, sendo 18 (56,25%) do sexo feminino e 14 (43,75%) do sexo 

masculino, com média de idade de 11,3. Não foi observada associação significativa na 

análise dos polimorfismos rs739837 e rs2228570 no gene VDR, tanto no modelo 

genotípico quanto no alélico (p>0,05). Os polimorfismos rs739837, rs2228570 no gene 



 

  

VDR não foram associados a desenvolvimento da má oclusão de Classe II nos modelos 

genéticos testados. 

 

Palavras-chave: Classe II, Receptor de vitamina D, polimorfismos genéticos. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

Francisco SA. Association between genetic polymorphisms in the vitamin D receptor 

gene and hypovitaminosis in a population with Class II malocclusion. Masters 

dissertation. Curitiba: Universidade Positivo, 2022. 

 

ABSTRACT 

 

Several factors may be responsible for the development of Class II malocclusion, 

including individual genetic history. The Vitamin D Receptor (VDR) gene provides 

instructions for producing a protein called the Vitamin D Receptor (VDR), which allows 

the body to respond to Vitamin D. This vitamin is involved in maintaining the proper 

balance of several minerals in the body, including calcium and phosphate, which are 

essential for the normal formation of bones and teeth. This study aimed to investigate the 

association of genetic polymorphisms in the VDR with the development of Class II 

malocclusion. The study followed the Enhanced Guidelines of the Statement of Genetic 

Association Studies. Anamnesis, clinical and imaging examination and blood collection 

were performed on 32 patients (aged between 10 and 16 years), all of whom had Class II 

malocclusion, who were enrolled for treatment at the Specialization Clinic in 

Orthodontics at Universidade Positivo between the years 2017 and 2018. Genomic DNA 

was collected and the rs739837, rs2228570 polymorphisms in the VDR gene were 

genotyped using the StepOnePlus™ Real-Time PCR System. Data were analyzed using 

the Epi Info 7.2 program with a 0.05 level of significance to compare allele and genotype 

distributions between groups with deficient/insufficient (hypovitaminosis) and normal 

vitamin D values. Thirty-two subjects participated in the study. 18 (56.25%) were female 

and 14 (43.75%) were male, with a mean age of 11.3. No significant association was 

observed in the analysis of the rs739837 and rs2228570 polymorphisms in the VDR gene, 

both in the genotypic and allelic models (p>0.05). The rs739837, rs2228570 

polymorphisms in the VDR gene were not associated with the development of Class II 

malocclusion in the genetic models tested. 



 

  

Keywords:  Class II, Vitamin D Receptor, genetic polymorphisms. 
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MANUSCRITO 

 

Associação entre polimorfismos genéticos no gene receptor da 

Vitamina D e hipovitaminose em uma população com má oclusão de 

Classe II1 

 

 

ABSTRACT 

 

Several factors may be responsible for the development of Class II malocclusion, 

including individual genetic history. The Vitamin D Receptor (VDR) gene provides 

instructions for producing a protein called the Vitamin D Receptor (VDR), which allows 

the body to respond to Vitamin D. This vitamin is involved in maintaining the proper 

balance of several minerals in the body, including calcium and phosphate, which are 

essential for the normal formation of bones and teeth. This study aimed to investigate the 

association of genetic polymorphisms in the VDR with the development of Class II 

malocclusion. The study followed the Enhanced Guidelines of the Statement of Genetic 

Association Studies. Anamnesis, clinical and imaging examination and blood collection 

were performed on 32 patients (aged between 10 and 16 years), all of whom had Class II 

malocclusion, who were enrolled for treatment at the Specialization Clinic in 

Orthodontics at Universidade Positivo between the years 2017 and 2018. Genomic DNA 

was collected and the rs739837, rs2228570 polymorphisms in the VDR gene were 

genotyped using the StepOnePlus™ Real-Time PCR System. Data were analyzed using 

 
1 Manuscrito será submetido ao periódico: xxxx. Manuscrito formatado de acordo com 

as normas específicas do periódico (acessado em: xxxx). 
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the Epi Info 7.2 program with a 0.05 level of significance to compare allele and genotype 

distributions between groups with deficient/insufficient and normal vitamin D values. 

Thirty-two subjects participated in the study. 18 (56.25%) were female and 14 (43.75%) 

were male, with a mean age of 11.3. No significant association was observed in the 

analysis of the rs739837 and rs2228570 polymorphisms in the VDR gene, both in the 

genotypic and allelic models (p>0.05). The rs739837, rs2228570 polymorphisms in the 

VDR gene were not associated with the development of Class II malocclusion in the 

genetic models tested. 

 

Keywords:  Class II, Vitamin D Receptor, genetic polymorphisms. 

 

 

INTRODUCTION 

 

The Class II malocclusion is the most prevalent in Caucasian populations 

(Alhammadi, 2018), being characterized by the distal relationship of the mandibular first 

permanent molar in relation to the maxillary first molar (Maltagliati, 2006). Recent 

studies have revealed that an individual's genetic background can also influence the 

development of malocclusions (Vieira, 2019). George et al. (2021) performed a complete 

search in the electronic database, aiming to assess the scientific evidence that associates 

the role of genes in skeletal class II malocclusion. Of the 11 studies included, a correlation 

of genes with skeletal malocclusion II was found in ten studies. FGFR2, MSX1, MATN1, 

MYOH1, ACTN3, GHR, KAT6B, HDAC4, AJUBA genes were associated with skeletal 

Class II malocclusion. 
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Since genetic characteristics can influence the development of class II 

malocclusion, it is interesting to investigate the role of some specific genes, including the 

vitamin D receptor (VDR). The VDR gene provides instructions for the production of a 

protein called the VDR, which allows the body to respond to vitamin D (Malloy, 2011; 

Malloy, 2014) that is involved in maintaining the proper balance of several minerals in 

the body, including calcium and phosphate, which are essential for the normal formation 

of bones and teeth (Feldman, 2013; Ryan, 2014). 

The VDR protein binds (binds) to the active form of vitamin D known as calcitriol. 

This interaction allows the VDR to associate with another protein called the retinoid X 

receptor (RXR). The resulting complex then binds to specific regions of DNA, known as 

vitamin D response elements, and regulates the activity of vitamin D-responsive genes. 

By turning these genes on or off, the complex helps control calcium and phosphate 

absorption and other processes (Tiosano, 2011; Tamura, 2017). 

Since the VDR gene affected the biological activities of vitamin D, contributing 

to the imbalance of bone metabolism (Kato, 2000), it is natural that genetic 

polymorphisms in this gene appear as candidates to be studied in Class II malocclusion, 

precisely because of this condition generally be associated with deficiency in mandibular  

growth. Thus, this study will investigate the genotype and allelic distribution of genetic 

polymorphisms rs2228570 and rs739837 in the VDR gene in a population of adolescents 

with Class II malocclusion. 

 

 

MATERIALS AND METHODS  

This study was approved by the Local Ethics Committee (nº 3,036,106). Informed 

consent was signed by all patients and legal guardians and patients. During 2017 and 



 

  4 

2018, all patients with Class II and mandibular retrognathia who sought treatment in the 

Specialization Course in Orthodontics at Universidade Positivo participated in a study on 

the treatment of Class II malocclusion with mandibular thrusters. Before the start of 

treatment, tests, clinical and imaging analysis, analysis of serum levels of genie, carpal 

radiographs, diagnostic serological tests, blood tests and DNA collection of these patients 

were performed. The years of inclusion of patients of both sexes, aged between 10 and 

16 years, Class II molar relationship with at least half dimensions, convex facial profile 

suggestive of retrognathia and greater overjet (greater than 4 mm). Patients with trauma 

or serious injury were removed from the face in the study as well as those with a history 

of abnormal bone. 

Collection and Vitamin D determination   

For each patient were collected 5 mL of blood. The samples of blood were 

centrifuged to separate the serum. Measurements of serum 25(OH)D vitamin D levels 

were measured by chemiluminescence microparticle immunoassay, using an Abbott 

Alinity automated immunoassay analyzer that uses an anti-analyte coated with 

paramagnetic microparticles and anti-analyte acridinium-labeled conjugates. The 

reactions were performed according to the manufacturer instructions. Alinity-Abbott 

calibrators were used to adjust the equipment for the analytical measurement range for 

vitamin D and the results are given in ng / ml. According with manufacturer instruction, 

vitamin D levels lower than 20 ng/mL or between 21 to 29 ng/mL are considerated how 

vitamin D deficiency or insufficient, respectively. In these cases,  deficient and 

insufficient individuals were grouped in a single group: hypovitaminosis; individuals 

with vitamin D levels equal or higher than 30ng/mL were included in the control group.  

Collection and DNA analysis 
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For this step, saliva samples were collected as a source of genomic DNA, 

following a previously published protocol. For collection, the individuals rinsed with 

5mL of 5% saline solution for 1 minute, and the entire volume of the mouthwash was 

placed in 15 mL centrifuge tubes (Corning Inc., Corning, NY, USA) and kept in a 

refrigerator. 

For DNA extraction, each tube containing the saliva collection was then 

centrifuged at 550 g for 10 minutes to sediment the cell pellet. The supernatant was 

discarded in 2.5% sodium hypochlorite and the pellet resuspended in 1mL of extraction 

buffer (10mM Tris-HCl, pH 7.8; 5mM EDTA; 0.5% SDS). Afterwards, the sample was 

transferred to a 1.5mL eppendorf tube and then frozen at -20º C until the moment of DNA 

extraction. 

Afterwards, the samples were thawed and incubated with 100ng/mL [4µL of 

Proteinase K (Fungal, Invitrogen Laboratories, Cat nº25530-015) at 25mg/mL] in a water 

bath at 56ºC overnight and then subjected to precipitation processes using 400µL of 10M 

ammonium acetate solution. Then, all tubes were: shaken manually for 5 minutes; 

centrifuged for 15 minutes (12000 rpm) and the supernatant divided into two eppendorf 

tubes of 700µL each. The same volume of chilled isopropyl alcohol (700µL) was added 

to each tube and shaken vigorously. The formation of "DNA cloud" was observed in each 

tube of all aliquots that were centrifuged for 20 minutes with 12000 rpm at 40C. The 

supernatant was then carefully discarded so as not to dislodge the DNA pellet and 1mL 

of cold 70% ethanol was added for further centrifugation for 15 minutes at 12000 rpm at 

40C. Afterwards, the supernatant was discarded and the tube was opened and upside 

down on paper to dry for at least 30 minutes and evaporate the excess of 70% ethanol. 

The DNA pellet was resuspended in 50 µl of extraction buffer (TE) and frozen at -20°C. 
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Selection of polymorphisms in the VDR gene and genotyping 

The selection of polymorphisms was carried out with support from the website 

https://snpinfo.niehs.nih.gov/ and two single nucleotide polymorphisms (rs739837 and 

rs2228570) in VDR gene that are classified as potentially functional, were selected.  

Genotyping of selected polymorphisms was performed according to the real-time 

PCR method using TaqMan® allelic discrimination assays purchased from Applied 

Biosystems (Foster City, California, USA) together with a solution called TaqMan™ 

Genotyping Master Mix®. Each assay included a pair of flanking primers from the 

polymorphism region as well as specific probes for the identification of alleles, composed 

of two oligonucleotides - designed for each sequence resulting from the change of base - 

conjugated to fluorophores that emitted fluorescence at different wavelengths, called VIC 

™ and FAM ™ using the StepOnePlus ™ Real-Time PCR System (Thermo Fisher 

Scientific, Massachusetts, USA), and from it the software provided with the equipment 

allowed allele discrimination of the samples. 

 

Statistical analysis 

 

The data were analyzed using the Epi Info 7.2. The Student’s t and Chi-square 

tests and odds ratio calculations were used to compare age and sex between the groups. 

Chi-square or Fisher´s exact tests at a level of significance of 0.05 and odds ratio (OR) 

calculations were used to compare allele and genotype distributions between 

hypovitaminosis and control groups in the additive, recessive and dominant model. The 

analysis was also performed stratifying the sample according to sex. Hardy-Weinberg 

equilibrium for each polymorphism was evaluated using the chi-square test. 
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RESULTS 

 

This study consisted of 32 individuals, 18 (56.25%) were female and 14 (43.75%) 

were male. The mean age of the individuals studied was 11.3 (SD = 1.1) years old, with 

the lowest being 10 and the highest being 16 years old. Induviduals with 11 years old 

(n=8; 25.0%)  10 and 13 years old (n=6; 18,7%) composed the most of the sample group. 

Of the entire sample group, 10 individuals (32.3%) had vitamin D levels considered 

normal and were included in the control group, while 22 of them (68.7%) were considered 

individuals with hypovitaminosis, that is, with deficient or insufficient levels of vitamin 

D. The distribution of the sample group within the age groups is shown in Table 1. 

All the polymorphisms were in Hardy-Weinberg equilibrium. The first model 

used was the allele model, which revealed a predominance of the G allele for the 

rs2228570 polymorphism (65.9%) and a predominance of the T allele (52.2%) for the 

rs739837 polymorphism in individuals with vitamin D deficiency, but without statistical 

difference (p> 0.05).The genotype frequency of the polymorphisms in the models 

additive, dominant and recessive distributions for each group are presented on table 2. 

For the rs2228570 polymorphism in the hypovitaminosis group, there was a 

homogeneous genotypic distribution among individuals (AA=4; AG=7; GG=11). No 

significant differences were observed either in the dominant model or in the recessive 

model (p>0.05). As for the rs739837 polymorphism, there was a predominance of 

heterozygotes (GT) in the case and control groups, but without statistical difference. 

 

 

Table 1 – Distribution of the sample group within the age stratification and gender. 

Age n (%) 
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Table 2 - Genotype distributions in additive, dominant and recessive models between 

case and control group. 
GENE 
 

Model Genotype Hypovitaminosis 
(%) 

Control (%) P value 
 

Odds Ratio  
 (CI 95%) 

 

 

VDR 

rs2228570 

Additive 
 

AA 4 (18.1%) 0 (0%) Reference  - 
AG 7 (31.7%) 5 (55.5%) 0.350  undefined 

GG 11 (49.9%) 4 (44.4%) 0.630 undefined 

Dominant G GG 11 (7.0%) 4 (11.5%) Reference - 
AG/AA 11 (93.0%) 5 (88.5%) 0.990 1.25 (0.26 – 5.94) 

 Recessive A AA 4 (18.1%) 0 (0%) Reference  
 GG/AA 18 (66.6%) 9 (33.4) 0.430 undefined 
 

 

 

VDR 

rs739837 

Additive 
 

GG 3 (15.0%) 2 (18.2%) Reference - 
GT 15 (75.0%) 5 (45.4%) 0.910 0.50 (0.06 – 3.90) 
TT 2 (10.0%) 4 (36.4%) 0.782 3.00 (0.25-35.33) 

Dominant T GT 15 (75.0%) 5 (45.4%) Reference  
TT/GG 5 (25.0%) 7 (54.6%) 0.192 0.19 (0.02 – 1.31) 

 Recessive G GG 3 (15.0%) 2 (18.2%) Reference  

  GT/TT 17 (65.4%) 9 (34.6%) 0.990 0.79 (0.11-5.65) 

 

Note: logistic univariate regression model. Statistical significance level set at 95% (p < 

0.05). 

 

 

 

DISCUSSION 

          

The main goal of this observation study was to investigate the genetic distribution 

pattern of the VDR gene, rs2228570 and rs739837 polymorphisms in a population of 

adolescents with Class II malocclusion (small population size). The results obtained 

10 6 (18.7) 

11 8 (25.0) 

12 3 (9.3) 

13 6 (18.7) 

14 4 (12.5) 

15 3 (9.3) 

16 2 (6.2) 

Mean age (SD) 11.32 (1.1) 

Gender  
Female 18 (56.25) 

Male 14 (43.75) 

Angle’s 
Classification  

Class II 32 (100) 
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revealed that there is no significant predominance of any genotype or allele even when 

different genetic models are used: additive, dominant or recessive.  

Despite the small sample group, since all individuals included in the research were 

submitted to clinical and imaging exams to determine Class II malocclusion and the 

laboratory tests for quantification of vitamin D and genetic profile are golden standard, 

that is, the sample is very well characterized, the results obtained allow some 

observations. 

 Interestingly, the first observation was that the screening test to quantify the plasma 

levels of vitamin D in the population studied revealed that 68.7% of the adolescents had 

vitamin D deficiency or insufficiency, in this case, they were included in the 

hypovitaminosis group. In fact, it is estimated that vitamin D insufficiency affects 1 

billion people around the world and, especially in cities in the southern region of Brazil 

where there is dispersion and deficiency in the absorption of ultraviolet rays (Ronchi, 

2012), the problem worsens. In Curitiba, one of the largest cities in southern Brazil, a 

previous study had already identified a high prevalence of hypovitaminosis in the general 

population and suggested that the possible causes would be low insolation related to the 

climatic and geographic characteristics of the city (Ronchi, 2012). The new information 

brought by our study is not hypovitaminosis in inhabitants of Curitiba, but the fact that 

hypovitaminosis affects adolescents and is associated with Class II malocclusion. 

The basic function of vitamin D in the body is the regulation of the metabolism of 

minerals, especially phosphate and calcium, by controlling the processes of intestinal 

absorption and renal reabsorption, maintaining them in sufficient plasma concentrations 

and bone homeostasis. The entire process is regulated by signaling pathways dependent 

on the activation of the vitamin D receptor protein that is encoded by the gene of the same 

name: VDR (Barral, 2007; Castro, 2011; Bassuino, 2018). In addition to regulating the 
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transcription process, the VDR gene acts by controlling the genes involved in calcium 

bone neoformation (Ahmad, 2017). 

This information makes the VDR gene one of the candidate genes to be studied in 

situations of bone metabolism alterations. In fact, previous studies had already shown that 

the rs2228570 polymorphism was associated with a genetic predisposition to 

degeneration of bone tissue in the spine (Colombini, 2014). In this study were select two 

polymorphisms rs2228570 and rs739837 and the genotype distribution between the 

adolescents exanimated was similar, without prevalence of the one specific genotype. 

Even in allelic, dominant or recessive models there was no predominance of either 

genotype.  We observed predominance of the G allele for the rs2228570 and of the T 

allele for the rs739837 polymorphism in individuals with vitamin D deficiency, but 

without statistical difference.  

On the other hand, it is a fact that genetic polymorphisms, in most cases, are not 

capable of producing relevant clinical changes that trigger diseases or disorders, but when 

added to environmental factors and lifestyle, they can contribute to the progression and 

the development of Class II malocclusion (Eddy, 2005; Chang, 2011). Habits such as 

mouth breathing, lip-sucking, prolonged finger-sucking or pacifiers are factors that also 

contribute to the appearance of malocclusions (Maciel and Leite, 2005; Toledo, 2012; 

Souza, 2017). In this research, data on oral habits were collected and none of them was 

predominant in the population studied. 

Finally, this study has limitations. Because the population evaluated is small, these 

data obviously cannot be extrapolated to the population as a whole, but in all the genetic 

models analyzed, no significant association was observed between the different 

genotypes of this population and Class II malocclusion. As far as we know, this is the 

first study that investigated the relationship between these factors, but it is important to 
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mention that future investigations with larger populations could be conducted in order to 

evidence such associations once the most of individuals with Class II malocclusion has 

hipovitaminosis. A simple question: does hypovitaminosis predispose to the development 

of Class II malocclusion? 

          

 

CONCLUSION 

This study revealed that there is no genotype or allelic distribution in the VDR gene that 

could be associated with hypovitaminosis in the population of adolescents with Class II 

malocclusion studied. 
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