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SEARCH FOR MUTATIONS
IN THE EXT1 AND EXT2 GENES AMONG 
PATIENTS WITH HEREDITARY
MULTIPLE EXOSTOSES
IN THE REPUBLIC OF SAKHA (YAKUTIA)

The article presents the results of the fisrt molecular genetic study in the EXT1 and EXT2 genes among patients with hereditary multiple exos-
toses (HME) ant their relatives. A rare nonsense mutation c.751С>T (p.Gln251*) in exon 5 of ЕХТ2 gene in a heterozygous state was detected. 
That was the cause of HME among patients of the Yakut ethnic group. At present we are conducting the investigation to search mutations in  ЕХТ1 
and ЕХТ2 genes in other families with HME.
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Introduction. Hereditary Multiple Ex-
ostoses (HME) or multiple osteochondro-
mas (MO) (OMIM #133700, #133701) is 
a genetically heterogeneous disease 
with an autosomal dominant mode of 
inheritance, which accounts for 16.7 to 
44% of all benign tumors, tumor-like and 
dysplastic skeletal lesions [9]. Also, in 
some cases (from 0.5 to 5%), it is possi-
ble to transform individual exostoses into 
a secondary chondroma or chondrosar-
coma [3]. This disease is manifested by 
the development of 2 or more bone out-
growths on long tubular bones. The num-
ber of exostoses can vary significantly 
with the course of the disease and can 
range from 15 to 18. In most cases, bone 
changes are asymptomatic and develop 
from cartilage, increase in size in the first 
decade of life, and stop growing during 

puberty, when the growth plates close [4].
Disease incidence in the world in vari-

ous populations ranges from 1.3 to 2 per 
100 thousand population or 1 per 7000 
orthopedic patients, up to 80% are fam-
ily cases [3]. It was found that in 90% of 
cases, HME is associated with mutations 
in the EXT1 (ОMIM # 608177, 8q24.11) 
and EXT2 (ОMIM # 608210, 11p11.2) 
genes. Depending on the ethnic group, 
the frequencies of the pathogenic vari-
ants EXT1 and EXT2 differ [10].

According to the "Republican Genet-
ic Register of Hereditary and Congenital 
Pathology", 85 patients with HME from 
41 families were registered in the Repub-
lic of Sakha (Yakutia). 70 patients of them 
are from 33 Yakut families, 5 patients are 
from 1 Evenk, 8 patients are from 5 Rus-
sian families and one case is from Tatar 
and Ukrainian family. The disease was 
registered in 16 uluses and in Yakutsk 
from 36 administrative-territorial units 
of the Republic of Sakha (Yakutia). The 
prevalence of this disease in the Repub-
lic of Sakha (Yakutia) was 8.85 per 100 
thousand population. Until now, molecu-
lar genetic studies on the search for mu-
tations among patients with HME have 
not been carried out in Yakutia. In this re-
gard, the aim of this work is to search for 
mutations in the EXT1 and EXT2 genes 
among patients with HME and their rela-
tives in the Republic of Sakha (Yakutia) 
using modern molecular genetic meth-
ods.

Materials and methods. The pa-
tients. The material for the molecular 
genetic study included 55 DNA samples 
of individuals with a clinically established 
HME diagnosis and 11 DNA samples of 
their relatives without clinical manifesta-
tions from 31 unrelated families. Of the 
55 patients, 28 were males and 27 were 
females; 45 (81.82%) - Yakuts by ethnic 

origin, 6 (10.91) - Russians, 2 (3.63) - 
Evenks, and 1 (1.82%) - Ukrainian and 
Tatar. Informed consent was obtained 
from all individuals for this study. The 
work was approved by the local Commit-
tee on biomedical ethics of the Medical 
Institute of the Ammosov Northeastern 
Federal University (Yakutsk, Protocol No. 
8 of November 11, 2016). All individuals 
were registered in the Medical and Ge-
netic center of the Republican Hospital 
№1 RS(Ya) of  the National Centre of 
Medicine.

Molecular genetic analysis. DNA was 
isolated from whole blood by the stan-
dard method of phenol-chloroform ex-
traction [5].

To establish the molecular genetic 
cause of HME, mass parallel sequencing 
(MPS) was carried out using the Trusight 
One Sequencing panel (Illumina, USA), 
which includes 4800 genes with known 
clinical significance. The MPS method 
allows to obtain complete information 
about the nucleotide sequence of the 
desired DNA region and includes three 
main stages: preparation of DNA librar-
ies, sample preparation, and sequencing. 
Sequencing of the sample was carried 
out on a high-performance sequenc-
er MiSeq, (Illumina, USA), аll stages of 
sample preparation were carried out ac-
cording to the manufacturer's instructions 
of Illumina [1, 11].

To confirm the results, direct Sanger 
sequencing was carried out on an ABI 
3500 genetic analyzer (Life Technolo-
gies, USA), using specially designed 
primers. A complex of basic molecular 
genetic research methods was used: 
polymerase chain reaction (PCR), aga-
rose gel electrophoresis, direct Sanger 
sequencing. For PCR, flanking primers 
5'-GACTGGTAAGGAAACACTTAC-3 
'(forward), 5'-CATGTCCAGTAAAGAG-
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CAATG-3' (reverse) were used. Primers 
of the EXT2 gene were selected using 
the NCBI / Primer-BLAST program and 
synthesized at Evrogen Closed Joint 
Stock Company (Moscow) [8]. The ge-
nome assembly number is Genome 
Reference Consortium Human GRCh38 
(GCA_000001405.15). The Bioinformat-
ics program MutationTaster was used 
to predict the pathogenicity of the found 
variants (http://www.mutationtaster.org/).

Bioinformatic analysis. The initial anal-
ysis of the data obtained as a result of the 
MPS was carried out directly in the MiS-
eq system itself. The data were aligned to 
the reference sequence GRCh37 (hg19). 
The obtained variants were filtered us-
ing the Sophia DDM v4 program (Sophia 
Genetics, Switzerland). The EXT2 gene 
transcript: NM_001178083 was selected 
to annotate the identified variants. The 
clinical interpretation was carried out in 
accordance with the Russian guidelines 
for the interpretation of human DNA se-
quence data obtained by MPs methods 
[2]. The following databases were used 
to verify the results: ClinVar (https://www.
ncbi.nlm.nih.gov/clinvar/), OMIM (https://
www.omim.org), Exome Variant Aggrega-
tion Consortium (http://exac.broadinsti-
tute.org/), dbSNP build 153 (https://www.
ncbi.nlm.nih.gov/snp/), dbVar (https://
www.ncbi.nlm.nih.gov/dbvar/), Exome 
Variant Server (https://evs.gs.washing-

ton.edu/EVS/), Leiden Open Variation 
Database system (https://databases.
lovd.nl/shared/genes/EXT2) 

Results and discussions. For the 
study of mutations, the G’s family with 
the largest number  of HME was selected 
(Fig. 1, A). For the first time the proband 
addressed to the Medical and Genetic 
center of the RH1-NCM at the age of 10 
with complaints of tumor-like formations 
in the shoulder area. There were exosto-
ses of large sizes, shortening of the left 
hand. Then, at the age of 14, the patient 
had complaints of increased exostosis, 
curvature of the forearm bones, ulnar 
deviation of the hands, and restriction of 
movement in the arms. There were large 
exostoses, shortening of the left arm. 
From the age of 14, the patient began 
to complain of an increase in exostosis, 
curvature of the forearm bones, ulnar de-
viation of the hands, and movement lim-
itation in the hands. At the time of the last 
examination, the proband was 20 years 
old. 

As a result of MPS and the filtration of 
nucleotide sequence variants, the non-
sense mutation c.751C>T (p.Gln251*)  in 
exon 5 of the EXT2 gene in the heterozy-
gous state was revealed at the proband.

The EXT2 gene is located on the 11th 
chromosome at the 11p12-p11 locus, 
consists of 14 exons and two exons at 
the alternative splicing site, encodes a 
type II transmembrane glycosyltransfer-
ase of the endoplasmic reticulum, is in-
volved in chain elongation in heparan sul-
fate biosynthesis, and can also act as an 
inhibitory factor the growth of tumors, in 
particular osteosarcomas, accompanied 
by multiple exostoses. The gene product 
is involved in the expression of proteogly-
cans on the cell surface and in the extra-
cellular matrix [7].

The variant c. 751C>T (p.Gln251*) 
of the EXT2 gene 
was detected in 
the Leiden Open 
Variation Database 
system (https://
databases. lovd.
nl/shared/genes/
EXT2). According 
to the LOVD data-
base, this mutation 
has been detected 
in members of two 
European fami-
lies. The result is 
presented with no 
detailed descrip-
tion of the clinical 
picture of patients 
with HME [6, 9]. 
Further, the direct 

Sanger sequencing was performed in 54 
individuals with HME clinical diagnosis. 
As a result, 16 (29.09%) of 55 patients 
with HME had this nonsense mutation 
c.751C>T (p.Gln251*) in exon 5 of the 
EXT2 gene in a heterozygous state (Fig. 
2). All 16 patients with this mutation come 
from Yakut families. The direct Sanger 
sequencing was also performed on 11 
relatives of patients with HME, and the 
mutation was not detected.

Thus, the diagnosis of HME was con-
firmed by contemporary methods of the 

molecular genetic studies in 16 patients 
from 4 unrelated Yakut families (Fig. 1, 
B-D).

Conclusion. As a result of the search 
for mutations in the EXT1 and EXT2 
genes among 55 patients from 31 unre-
lated families of different ethnic origin with 
a clinically diagnosed HME, a rare non-
sense mutation c.751C>T (p.Gln251*) 
in the exon 5 of the EXT2  was revealed 
among 16 (29.09%) patients from 4 unre-
lated Yakut families. 

Approaches have been developed for 
molecular genetic laboratory diagnostics 
of the identified mutation, which can be 
used to confirm the diagnosis of HME, 
predict, and prevent adverse outcomes.

At present, we are conducting the in-
vestigation to search for mutations in the 
EXT1 and EXT2 genes in other families 
with HME.

The research is conducted under 
the state target program of the Ministry 
of Science and Higher Education of the 
Russian Federation: project FSRG-2020-
0014 “Genomic of Arctic: epidemiology, 
hereditary and pathology”. Molecular ge-
netic studies were carried out in the Arc-
tic Innovation Centre of the “Ammosov 
Northeastern Federal University”.
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Picture 1. Pedigrees of families of patients with hereditary multiple 
exostoses.

Picture 2. Chromatogram fragment of the 
exon 5 gene ЕХТ2 
Control – healthy; Patient – patient with he-
reditary multiple exostoses with nonsense 
mutation c.751С>T (p.Gln251*)
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