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Abstract 

Objective: Osteogenesis imperfecta (OI) as an inherited disorder is an important disease that should be 

screened before pregnancy. The type of OI inheritance includes types I to V with the autosomal dominant 

model of inheritance and most often results from new dominant mutations. This pattern of inheritance 

is responsible for 90 to 95% of cases. There are shreds of evidence for germ cell mosaics as a justification 

for having more than one child with the disease in families with healthy parents.  

Methods: After genetic counseling, Whole Exome Sequencing (WES) technique was used to look for 

plausible pathogenic mutations in the aborted fetus. Also, candidate mutations were examined in her 

parents by sanger sequencing. For further investigations, in silico analyses were perfumed through I-

TASSER, SWISS-MODEL, MolProbity, ProSA, PyMol, and TFBIND tools. 

Results: Four mutations were found in aborted fetus including c.1081G>A: p.Gly361Ser (COL1A2), 

c.226G>A: p.Asp76Asn (TP63), and c.281T>C: p.Met94Thr (DHDDS), and c.629C>T: p.Pro210Leu 

(COL9A2). COL1A2 mutation was new in the fetus and other mutant alleles of the three remaining 

mutations were inherited from one of the parents.  

Conclusion: In conclusion, in vitro, and in silico analysis suggested that this study is the first report to 

indicate the epistasis effect of COL1A2 and COL9A2 missense mutations for a severe pathogenic impact 

leads to OI type II and lethality of pregnancies.   
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Introduction

As a systemic connective tissue disorder, Osteogenesis imperfecta (OI) is 

discriminated through low bone mass and fragility which produces 

significant morbidity because of pain, immobility, skeletal 

malformations, and stunted growth [1, 2]. Reduced bone strength leads to 
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minimally traumatic breaks or breaks in atypical positions [2]. Screening 

of variants in OI-associated genes in lightly affected or obviously 

asymptomatic people confirms the presence of a wider clinical spectrum, 

ranging from low bone mass and early onset osteoporosis to progressively 

deforming and lethal perinatal OI [2]. There are two genotype-phenotype 

associations described in OMIM for Osteogenesis imperfecta type II 

(OI2). OI2 is produced by heterozygous mutation in the COL1A2 gene or 

in the COL1A1 gene at 7q21.3 and 17q21.33, respectively. An autosomal 

dominant model of inheritance is suggested for OI2. The most severely 

affected cases are born from non-affected parents. This phenomenon 

might be due to parental gonadal mosaicism or novel mutations [3]. 

Ectrodactyly-ectodermal cleft syndrome 3 (EEC) stands as one of six 

overlapping syndromes produced by mutations in the tumor protein p63 

gene (TP63) [4]. EEC is frequently suspected when patients present with 

a compound of cleft hands or feet, polydactyly and syndactyly, abnormal 

development of structures derived from the ectoderm, including teeth, 

hair, skin, and nails, and cleft lip and palate [5]. Also, mutations in 

DHDDS gene are connected to developmental delay and seizures with or 

without movement abnormalities [6]. 

Here, by WES screening the aborted fetus and sanger sequencing of her 

parents, we report two novel mutations (Asp76Asn mutation in TP63 gene 

and Met94Thr DHDDS gene) and two mutations with vital impacts on 

morbidity of fetus associated with OI (Pro210Leu in COL1A2 gene and 

Pro210Leu in COL9A2 gene).  

Case Presentation 

An aborted female fetus was investigated for putative mutations by WES. 

To find the cause of miscarriage, her parents were under investigation of 

molecular genetic tests, too.  The parents had no familial history. 

Pregnancy with a live fetus was observed with a floating and breech 

display. Fetal activity, movements, and heart rate were normal (FHR = 

158 bpm). Gestational age based on fetal biometric factors including 

BPD, HC, AC, and OFD was about 18w + 1d and according to HL, FL 

was about 16w which was indicative of Proximal Significant shortness of 

both lower and upper limbs. The femur on both sides was associated with 

deformity and bowing, and the FL / Foot ratio was about 70% and out of 

the standard range due to gestational age. Based on the above evidence, 

the possibility of skeletal dysplasia is strongly raised. The pair was in the 

anterior position of grade 0-I. The maximum thickness of the pair was 21 

mm and the distance between the pair and the IO was about 28 mm. The 

volume of normal amniotic fluid (AFI = 12.8cm) and the thickness of her 

largest sac was about 3.4cm. Fetal weight based on biometric factors was 

about 186gr ±10%. The length of the cervical canal was about 38 mm and 

the entrance to the cervical canal was closed. Cervical canal length is 

important considering clinical findings and gestational age. Examination 

of 4chamber calvary, spine, heart brain, kidneys, diaphragm, abdominal 

wall to an extent that could be examined by ultrasound showed no 

evidence of anomaly. The symptoms of the aborted fetus were completely 

matched with OI symptoms included short and fractured limbs, thin chest 

with hypomineralization and several fractures in ribs and long bones 

(Figure 1)

          

  

Figure1. The dead fetus with Osteogenesis Imperfecta with COL1A2 and COL9A2 missense mutations.  The signs of the aborted fetus are completely 

matched with OI symptoms comprised short and fractured limbs, thin chest with hypomineralization and some fractures in ribs and long bones. 

Material and Methods 

In vitro investigations  

WES was utilized to detect the putative pathogenic mutations in patient 

as follows: Genomic deoxyribonucleic acid (gDNA) was isolated from 

the patient’s specimen using a filter-based methodology and quantified. 

A total amount of 1.0μg genomic DNA per sample was used as input 

material for the DNA sample preparation. Sequencing libraries were 

generated using Agilent SureSelect Human All ExonV7 kit (Agilent 

Technologies, CA, USA) following manufacturer’s recommendations 

and x index codes were added to attribute sequences to sample. Briefly, 

fragmentations were carried out by hydrodynamic shearing system 

(Covaris, Massachusetts, USA) to generate 180-280bp fragments. 

Remaining overhangs were converted into blunt ends via 

exonuclease/polymerase activities and enzymes were removed. After 

adenylation of 3’ ends of DNA fragments, adapter oligonucleotides were 

ligated. DNA fragments with ligated adapter molecules on both ends were 

selectively enriched in a PCR reaction. Captured libraries were enriched 

in a PCR reaction to add index tags to prepare for hybridization. Products 

were purified using AMPure XP system (Beckman Coulter, Beverly, 

USA) and quantified using the Agilent high sensitivity DNA assay on the 

Agilent Bioanalyzer 2100 system. The qualified libraries are fed into 

NovaSeq 6000 Illumina sequencers. Then data quality control, analysis 

and interpretation were run on G9 generation of HP server using unix 

based operating system.  

In silico investigations  

For further findings, the current report designed and done the homology 

modeling and superimposition evaluations for COL1A2, COL9A2, p63, 

and DHDDS protein structures. Homology Modeling was done through 
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I-TASSER, SWISS MODEL, and PHYRE2 and also, evaluated by 

Molprobity and ProSA online software (available at 

https://prosa.services.came.sbg.ac.at/prosa.php and 

https://prosa.services.came.sbg.ac.at/prosa.php ). Final models were 

visualized by the PyMOL Molecular Graphics System (Version 2.0 

Schrödinger, LLC) and also FATCAT (available at 

https://fatcat.godziklab.org/ ). TFBIND (available at: 

https://tfbind.hgc.jp/ ) was used for the prediction of probable alterations 

in transcription factor binding affinity.  

Results 

Molecular reports 

During the study performed on the exom of the aborted fetus, and due to 

the reason of referral (unrelated marriage and having a history of 2 

abortion treatments with severe skeletal abnormalities), notable variations 

were seen in important genes.  Due to the limitations of Exome 4 Variant 

test with autosomal dominant pattern which was observed as Pathogenic, 

Likely Pathogenic and Uncertain Significance in his aborted fetal sample. 

Confirmation of mutation on variants showed that mutation in COL1A2 

gene is new and parents do not have this mutation. This mutation will 

cause OI type 2, which is consistent with clinical observations on the 

embryonic specimen. Also, due to the recurrence of this abnormality (2 

affected fetuses), a mutation in the sex cell line has apparently occurred. 

Other mutations in COL9A2, TP53, and DHDDS genes were listed in 

Table 1.  

 

Table 1:Mutations detected by WES test in aborted fetus. 

HET means heterozygous and AD refers to autosomal dominant.  

Bioinformatics report 

The modeled structures were finalized in both wild-type and mutant 

alleles for every four proteins reported from WES test. At first step, 

MuPro online server predicted both value and sign of energy change using 

SVM and sequence information (delta delta G=-0.55) which showed 

decrease stability in the mutant structure. The models of I-TASSER, 

SWISS-MODEL, and PHYRE2 were not proper enough to report 

(Figures are not shown).  

Regulatory analysis showed rs199831035 (Gly351Ser) is located in 

CTCF regulatory site of COL1A2 gene. Further investigations revealed 

that by changing nucleotide G to A, some transcription factors (TF) can 

not bind to this region and new TF binding site cause the binding site for 

new TFs. TFs including v-MYB, NF KAPPA B50, NF KAPPA B65, and 

p53 just bind when G allele is present in the sequence region of 30 

nucleotides (>1 dna: chromosome: GRCh38:1:40311080:40311111:1 

CCCTTGCACTCACCGGCTTCCCCTGGTGGCCA) and YY1, ZID, 

STAF, E47, MYOD, LMO2COM, and CETS1P54 when A allele is in the 

aforementioned sequence. This analysis was performed for rs199831035 

(Pro210Leu). Locating in a flanking promoter region, the substitution of 

G to A allele leads to disruption/formation TF binding sites including SP1, 

PAX2, GC, MZF1, NFKAPPAB50 which disrupt in A form and N-MYC, 

P300, EVI1, and IRF2 new binding sites in A allele presence.  

Discussion 

Our results revealed that the aborted fetus was heterozygote for every for 

reported mutations; however, one of her parents had the mutant allele 

except for COL1A2 gene. Both of parents were homozygotes for G allele 

and aborted fetus showed new mutation (G/A). Here, we found certain 

lethality by epistasis effects of c.1081G>A COL1A2 and c.629C>T 

COL9A1 gene mutations causing OI type II.  

As far as we know, there is only a report for Gly361Ser by Talebi et al in 

an Iranian family. They found Gly361Ser for the first time in two 

individuals as heterozygotes. By NGS analysis, they found COL1A1 and 

COL1A2 gene mutations [7]. The Glysine to Serine change at the Gly 

position of a Gly-X-Y repeat consequences in the loss of non-polar side 

chains and alteration with residues having polar sidechains. This 

replacement is expected to negatively affect the role of the COL1A2 

protein through disrupting her uninterrupted Gly-X-Y triplets. Previous 

reports stated that the substitution of glycine (smallest amino acid) with 

other amino acids for instance Arg, Ala, serine, or Cys damages the 

stability and proper folding of the collagen triple helix, the integration of 

mature collagen into the extracellular matrix, the secretion of procollagen 

from the cell, and extracellular processing levels [8].  

https://prosa.services.came.sbg.ac.at/prosa.php
https://prosa.services.came.sbg.ac.at/prosa.php
https://fatcat.godziklab.org/
https://tfbind.hgc.jp/
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We suggest that the reason of our case’s miscarriage can be the epistasis 

impact of having two mutations in COL1A2 and COL9A2 genes; more 

specifically, none of the case’s parents were heterozygotes for both of 

these genes. The main cause of this phenomenon might be due to the 

regulation alterations in these two mutations. In silico investigations 

represented that rs1791894410 (Gly361Ser) and rs199831035 

(Pro210Leu) are in promoter flanking and CTCF regions, respectively.  

Gly361Ser site showed two important changes in TF affinity including 

p53 disruption in mutant allele and formation of YY1 binding site in 

mutant form. Dual role of p53 is reported in animal studies showing its 

vital role in osteoblast differentiation and survival. p53-deficient studies 

on mice showed elevated bone mass and bone formation rates, probable 

through improved osteoblast proliferation and decreased apoptosis [9]. 

Interestingly, p53 acts as a modulator of the COL1A2 gene. Genes 

involved in p53-dependent stress response were investigated in normal 

cells and tissues which were irradiated versus a background of differential 

p53 expression. In the case of gamma-irradiated fibroblasts, Komarova 

et. al confirmed that COL1A2 is upregulated in a p53-dependent mode 

and acts as a growth repressor [10]. In fibroblasts, YY1 binding sites are 

essential for strong transcription directed by the Col1a1 core promoter 

[11]. This proposes that its function is separate from the inhibitory role in 

osteoblasts played by this TF in vitamin D activation of the osteocalcin 

gene [12].  

Pro210Leu site bioinformatics prediction indicated that the most 

important TF SP1 site will disrupt in A allele. Abundant studies 

documented the SP1 role in association with bone mineral density and 

osteoporotic fracture [13, 14]. Another study found that Sp1/Sp3 and 

MZF1 are vital TFs regulating N-cadherin promoter activity and 

expression in osteoblasts [15]. Evi1 was one of the TFs that its biding site 

will form by A allele presence. There are evidences for Evi1 role in bone 

marrow failure, erythroid dysplasia, and increased apoptosis [16]. 

Conclusively, due to the dominant pattern of COL1A2 gene and the 

disease, the probability of future pregnancies of this couple is 50% and 

PND is strongly recommended in every pregnancy. Fortunately, the 

parents have 3 other variants, which do not threaten future pregnancies 

due to the health of the couple. For the first time, this study suggested the 

epistasis effects of two critical genes involved in OI disease (COL1A2 

and COL9A2) leading to miscarriage and lethality for fetus.  
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