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Pakistan is a country where consanguineous marriages 
are very common which are manifest due to social and cultural 
practices in the region. In this country the estimated rate of 
interfamily marriage is around 60%, due to which recessive 
mutations in the families (Zafar Iqbal and Hans van Bokhoven, 
2014). Recent reports indicate that 16 million people in Pakistan 
are living with some genetic condition including rare neurological, 
skeletal and metabolic phenotypes [1]. Skeletal abnormalities 
characterized by abnormal pattering, defects in linear growth, as 
well as differentiation and maintenance of the human skeleton 
with resultant short stature, or dwarfism are together grouped 
as skeletal dysplasia. This condition constitutes a heterogeneous 
group of disorders resulting from different genetic variants 
in humans which together encompass over 450 clinically and 
genetically heterogeneous conditions involving abnormalities of 
cartilage and bone [2] and is caused by observable differences in 
growth patterns, resulting in disproportionate stature between 
the individuals. It must point out that there is a significant clinical 
overlap amongst these 450 rare conditions, therefore arriving at 
a correct diagnosis may require significant medical evaluation 
and clinical expertise. In addition, National Organization of 
Rare Diseases (NORD) estimates that there are 300 different 
genes, mutations in which result in these disorders, which could 
be inherited in an autosomal recessive, autosomal dominant, 
X-linked recessive or X-linked dominant [4]. Thus, correct 
diagnosis requires not only a combination of radiological imaging 
and clinical assessment but also genetic testing (Duz et al. 2020).

The correct molecular diagnosis of an individual with skeletal 
dysplasia can lead to improved clinical care, including medical 
management or treatment based upon personalized care in 
addition to providing genetic counselling to the families. Correct 
molecular diagnosis can also lead to eligibility to participate 
in clinical trials that are underway to targeted therapies for a 
number of different skeletal dysplasia’s [7]. 

Next-generation sequencing (NGS) technology has 
revolutionized both diagnostics and gene discovery in the last  

 
few decades, resulting in the identification of disease-causing 
gene in more than  90% of well characterized skeletal dysplasia. 
This has resulted in the implementation of genetic testing as a 
standard component of the diagnostic work-up [2]. Abdullah et 
al. [8] identified a novel homozygous nonsense variant [c.59 T 
> A; p.(Leu20*)] in DYM gene to provide the correct diagnosis 
of Dyggve Melchior Clausen syndrome (DMC, MIM 223800) in 
patients which opened the door for the identification and correct 
diagnosis of similar other cases in Pakistani population [8].

A major advantage of NGS technology is that multiple genes 
can be tested simultaneously [9] using a targeted panel or Whole 
Exome Sequencing (WES). Many novel genes have also been 
discovered in the Pakistani population using this technology 
such as the TMEM251 which is an evolutionary conserved gene, 
involved in the  pathogenesis of chondrocyte differentiation, this 
disease was first described in Pakistani patients by [10]. While 
using this technology Umair et al. (2019) reported mutations in 
43 genes causing nineteen different Glycogen Storage Diseases 
(GSDs) in Pakistani population.

Our Work on 19 skeletal dysplasia families collected from 
different regions of Pakistan, has also shown the effectiveness 
of studying index patient from each family by WES analysis. 
Diagnostic variants in the studied Cohort were identified in 14 
genes (Figure 1) in 18 of the families while one family still remains 
undiagnosed which demonstrates the highly heterogenous nature 
of skeletal dysplasia in the Pakistani families. In this panel the 
most common gene was found to be CHST3 that was identified 
to be the causative factor of the disease in in different 3 families. 
CHST3-related skeletal dysplasia is characterized by bone and 
joint abnormalities that worsen over time [10], mutations in 
this gene reduce or eliminate the activity of the C6ST-1 enzyme. 
Absence or reduced levels of this enzyme disrupts the normal 
development of the cartilage and bone, in the affected individual, 
resulting in the characteristic abnormalities associated with 
CHST3-related skeletal dysplasia, which is a  rare skeletal disorder 
without known incidence or prevalence. A few years back Duz et 
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al. [3] reported that there were nearly 50 patients with CHST3-
related skeletal dysplasia that had been reported worldwide, in 
whom over 90% of the pathogenic variants were identified in the 
sulfotransferase domain of the enzyme. Kauser et al. [10] described 

the genotypic and phenotypic findings in three unrelated families 
with spondyloepiphyseal dysplasia. This cohort added 15 patients 
to the CHST3 related dysplasia, since the three families have 8, 5 
and 2 affected individuals.

Figure 1: Genetic characterization in 19 skeletal dysplasia families.

Surgical correction is often only partially successful procedure 
or available treatment option for CHST3 related patients. Most 
patients have to undergo multiple procedures by the time they 
reach adulthood (Unger et al 2010). Surprisingly the work of 
Seema et al. [11] has shown short statured females also there was 
the presence of a high frequency of skeletal dysplasia. 

Recent breakthroughs in the characterization of mutant 
proteins, affecting bone tissue homeostasis in rare skeletal 
diseases, have revealed novel pathways involved in skeletal 
development and maintenance. The characterization of new 
dominant, recessive and X-linked forms of the rare brittle bone 
disease osteogenesis imperfecta (OI) and other OI-related 
bone fragility disorders was a key player in this advance Besio 
et al. [12]. The past two decades have contributed a lot in the 
identification of causative mutations for multiple rare diseases, 

proving advances in sequencing techniques, to be a very powerful 
tool in the characterization of the metabolic processes in many 
organs and tissues [12,13].

Conclusion

Our study suggests that targeted skeletal gene panel 
sequencing can effectively diagnose up to 90-95% of the skeletal 
diseases but for the remaining 5-10% of the families we might 
need Whole exome or Whole genome sequencing. With the use 
of WES, we have successfully identified 14 causative genes, which 
are the part of the panel that is commonly used for the genetic 
diagnosis of skeletal dysplasia. The best strategy for identifying 
these causative genes may be the use of WES or whole Genome 
sequencing, which can allow the identification of the genes that 
have not been reported so far to be involved in skeletal dysplasia. 

http://dx.doi.org/10.19080/OROAJ.2022.20.556049


How to cite this article:    Saima S, Azhar N, Raheel Q. Genetic Landscape of Skeletal Diseases in Pakistan. Ortho & Rheum Open Access J. 2022; 
20(5): 556049. DOI: 10.19080/OROAJ.2022.20.556049003

Orthopedics and Rheumatology Open Access Journal (OROAJ)

Your next submission with Juniper Publishers    
    will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
•	 Unceasing customer service

Track the below URL for one-step submission 
https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/OROAJ.2022.20.556049

Pakistani population carry a very high degree of recessive 
disorders that are comparatively easy to diagnose with NGS data 
and large families with multiple patients in each family makes the 
identification easier [14-20].

Availability of data and materials

The datasets generated during and/or analyzed during the 
current study is available from the author on request.
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