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Abstract: Identification of casual mutations in Hereditary Multiple Exostoses (HME) is important because of
similar conditions in which multiple exostoses occur. Therefore mutation analysis can help to confirm the
clinical diagnosis and to improve the management of therapy. HME 1s an inherited disorder of bone growth.
HME can be referred to by various names such as Heredity Multiple Exostoses, Hereditary Multiple
Osteochondromata, Multiple Carthaginous Exostoses, etc. People who have HME grow exostoses, or bony
bumps, on their bones which can vary n size, location and number depending on the individual HME 1s
mnherited 1n an autosomal dominant manner with an estimated prevalence of 1/50,000 in western countries. At
least three loci (EXT1, EXT2 and EXT3) thought to be involved in this skeletal disease. Approximately 90% of
affected families possess mutations in the coding regions of EXT1 and EXT2 genes and the majority of these
mutations cause loss of function. EXT1 and EXT2 genes encode related members of a putative tumor
suppressor family. In this first report from Iran we identified a frame shift mutation (1100-1101 insA) in exon 3
of EXT1 gene in a family being suspicious of HME. This mutation leads to a premature stop codon and
previously not described. Additionally, we have found an unreported silent mutation in the exon six of EXTI
gene with uncertain sigmficance.
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INTRODUCTION

Hereditary Multiple Exostoses (HME) 13 an inherited
disease due to an autosomal dominant predisposing gene
mutation with a penetrance of 96%. Ten percent of
affected individuals have hereditary multiple exostoses as
the result of a new gene mutation (Schmale et al., 1994).
About 2% of HME patients show malignant degeneration
(Rambeloarisoa et al., 2002), but most affected individuals
indicate multiple benign bony outgrowths (exostoses),
typically located at the juxtaepiphysed regions of bones
that develop by encondral bone formation (Hudson et al.,
1984; Hennekam, 1991). However, there are similar
conditions with multiple exostoses (Bakker et al., 1993,
Hall et al., 2001). The risk for malignant degeneration to
osteochondrosarcoma increases with age, otherwise the
lifespan is not reduced and the majority of individuals
with HME lead active, healthy lives (Schmale et al., 1994,
Wicklund et al., 1995). Exostoses can be associated with
a reduction in skeletal growth, bony deformity and
inequality in limb, bowing of the forearm, deformity of the

ankle, restricted motion of joints, shortened stature and
premature osteoarthritis (Stieber and Dormans, 2005).
Approximately 70% of mdividuals have climeally apparent
exostoses about the knee (Schmale et al, 1994,
Wicklund et al., 1995). Compression or stretching of
peripheral nerves usually causes pain but may also
cause sensory or motor deficits. Nerves and vessels
may be displaced from their normal anatomic course
(Pacifici et al., 2005). Research studies have found that
approximately 64 to 76% of families with HME possess
mutations in the EXT1 gene on chromosome 8 and 21-30%
mutations in the EXTZ gene on chromosome 11
(Dobson-Stone et al, 2000, Francannet et al, 2001,
Wuyts et al., 2002). Even with sequencing of the entire
coding regions, fewer than 90% of the mutations are
identified (Philippe et al., 1997; Raskind et al., 1998).
Although the EXTI1 genes are ubiquitously expressed in
many tissues, the only known effect of mutated or
mactivated EXT1 appears to be specific to actively
growing bone. The development of exostoses is mainly
due to loss of function of EXT genes, consistent with the
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hypothesis that the EXT genes have a tumor suppressor
function (Francannet et al., 2001; Le Merrer et al., 1992;
Blanton et al., 1996). EXT genes products are involved in
the biosynthesis of heparan sulphate. EXT1 and EXT2
encode glycosyltransferases that interact as hetero-
oligomeric complexes (McCormicket al., 2000). Therefore,
loss of heparan sulphate polymerase activity by EXT1 or
EXT2 mutations is expected to reduce the amount of
heparan sulphate on the cell surface as result of
haploinsufficiency (McCormick et al., 1998). The extra
cellular heparan sulphate chains of cell-surface
proteoglycans in normal cells function as co-receptors of
growth factors, thereby increasing the binding affinity of
growth factor receptors (Bernfield and Hooper, 1991).
Therefore mutations in the EXT1 or EXT2 genes could
perturb normal chondrocyte differentiation and as well as
bone development. Recently a third locus (EXT3) is
identified that probably involved in the HME, but neither
the EXT3 gene nor any additional EXT genes have been
cloned.

MATERIALS AND METHODS

Clinical assessment: The project was approved by the
Medical University of Joundi Shapour’s Ethics Board, in
last year (2006). After informed consent, all participants
were questioned on their personal medical history and a
family tree was drawn.

Sample collection and DNA isolation: Diagnosis of
affected individuals, mother and her two daughters was
ascertained through familial history (Fig. 1). Primary
prognosis of HME disease was according to the
radiography information of involved bones and clinical
examinations. The 57 years old mother with the mild HME
has had exostoses about the knee and shorten toe. Her
daughters, 33 and 27 years (Fig. 1, 2), showed many
osteochondroma contributed in ulnae, elbow, hip and ileu.
No other family members have shown exostoses. The
patients have had a short status with the height from 150
to 157 cm. Mild short stature is also a characteristic
feature of the condition with the mean height being
170£7.9 cm for males and 15546.9 c¢cm for females
(Wicklund et al., 1995). From affected and healthy
individuals were EDTA-treated whole blood collected and
DNA was extracted by salting out technique.

Polymerase chain reaction: PCRs were performed in an
Eppendorf mastercycler for 35 cycles with genomic DNA
containing 50 ng DNA, 10 pmol of each primer, 200 uM of
dNTPs, 2.5 pL of 10 x PCR buffer and 2 units of Tag.
polymerase (Roche, Swiss) in a volume of 25 pL. The full
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Fig. 1: Pedigree of the affected family
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Fig. 2: The affected mother with shorten fourth toe (A)
and her 27 years old daughter with severe form of
HME (B)

length of exons and a part of the flanking intron
sequences were amplified with designed primer pairs and
annealing temperatures as shown in Table 1. The EXT1
gene includes eleven exons. Each exon was amplified by
PCR, separately. To amplify the full length of each exon,
primer positions were chosen on the flanking intron close
to the splice sites. All fragments were completely
sequenced.

Direct sequencing: The PCR products were direct
sequenced with ABI-PRISM 3700 DNA analyzer (Applied
Biosystems). The same PCR primers were used for
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families with EXT2 mutations members showed a
homogeneous phenotype (Francannet et af., 2001). In
other genotype-phenotype study has been shown that
the severity of the disease 1s not differing significantly
with gender and can be calculated by stature, number of
exostoses, number of surgical procedures, deformity and
functional parameters (Porter et af., 2004). Because HME
is inherited in an autosomal dominant manner, therefore
the offspring of affected persons have nearly 50% risk of
inheriting the mutant allele. Nevertheless, there is
possibility of having a healthy offspring by detection of
parental mutation type and prenatal testing.

ACKNOWLEDGMENTS

The authors wish to thank the research centre for
Thalassemia and Hemoglobinopathy of Ahvaz and
research deputy of Shalmd Charman University of Ahvaz
for there cooperation.

REFERENCES

Bakker, E., M.A. Smoor, A. Maat, A. Van Haeringen,
I.1.P. Van de Kamp and G.I.B. Van Ommen, 1993.
Hereditary multiple exostoses in two Dutch families,
LGS region excluded Hum. Genome Mapp.
Workshop, 93: 15.

Bernfield, M. and K.C. Hooper, 1991. Possible regulation
of FGF activity by syndecan, an mtegral membrane
heparan sulfate proteoglycan. Ann. Acad. Sci. NY.,
638: 182-194.

Blanton, S.H., D. Hogue, M. Wagner, D. Wells,
ID. Young and J.T. Hecht, 1996. Hereditary multiple
exostoses: Confirmation of linkage to chromosomes
and 11. Am. I. Med. Genet., 62: 150-159.

Dobson-Stone, C., RD. Cox, L. Lonie, L. Southam,
M. Fraser, C. Wise, F. Bernier, 5. Hodgson,
D.E Porter, AH. Simpson and AP. Monaco,
2000. Comparison of fluorescent single-strand
conformation polymorphism analysis and denaturing
high-performance liquid  chromatography for
detection of EXT1 and EXT2 mutations in hereditary
multiple exostoses. Bur. J. Hum. Genet., 8: 24-32.

Francannet, C., A. Cohen-Tamugi, M. Le Merrer,
A. Munnich, J. Bonaventure and .. Legeai-Mallet,
2001. Genotype-phenotype correlation in hereditary
multiple exostoses. J. Med. Genet., 38: 430-434.

Hall, CR., Y. Wu, L.G. Shaffer and J.T. Hecht, 2001.
Familial case of Potocki-Shaffer syndrome associated
with microdeletion of EXT2 and ALX4. Clin. Genet.,
60 (5): 356-359.

Hennekam, R.C., 1991, Hereditary multiple exostoses.
T. Med. Genet., 28: 262-266.

Hudson, TM., D.S. Springfield, 5.S. Spamier,
W.F. Enneking and D.J. Hamlin, 1984. Benign
exostoses and  exostotic  chondrosarcomas:
Evaluation of cartilage thickness by CT. Radiology,
152: 595-599.

Le Merrer, M., K. Ben Othmane, V. Stanescu, S. Lyomnet,
I. Van Maldergem, G. Royer, A. Munnich,
P. Maroteaux, 1992. The gene for hereditary multiple
exostoses does not map to the Langer-Giedion region
(8q23-q24). J. Med. Genet., 29: 713-715.

McCormick, C., Y. Leduc, D. Martindale, K. Mattison,
L.E Esford, AP. Dyer and F. Tufaro, 1998. The
putative tumowr suppressor EXT1 alters the
expression of cell-swface heparan sulfate. Nat.
Genet., 19: 158-161.

McCormick, C., G. Duncan, K.T. Goutsos and F. Tufaro,
2000. The putative tumor suppressors EXT1 and
EXT2 form a stable complex that accumulates in the
Golgi apparatus and catalyzes the synthesis of
heparan sulfate. Proc. Natl. Acad. Sci., 97: 668-673.

Pacifici, M., T. Shimo, C. Gentili, T. Kirsch, T.A. Freeman,
M. Enomoto-Iwamoto, M. Iwamoto and E. Koyama,
2005. Syndecan-3 a cell-surface heparan sulfate
proteoglycan important for chondrocyte proliferation
and function during limb skeletogenesis. T. Bone
Miner. Metab., 23 (3): 191-199.

Philippe, C., D.E. Porter, M.E. Emerton, D.E. Wells,
AH. Simpson and A.P. Monaco, 1997. Mutation
screening of the EXT1 and EXT2 genes in patients
with hereditary multiple exostoses. Am. J. Hum.
Genet., 61: 520-528.

Porter, D.E., L. Lonie, M. Fraser, C. Dobson-Stone,
IR. Porter, A.P. Monaco and A H. Simpson, 2004.
Severity of disease and risk of malignant change in

hereditary  multiple exostoses. A genotype-
phenotype study. J. Bone Joint Swg. Br,
86: 1041-1046.

Rambeloarisoa, J., M. El-Guedj, I. Legeai-Mallet,

AM. Zagdanski, G. Delepine, M. Le Merrer and
D. Farge, 2002. Hereditary multiple exostoses after
40 years of development: A Case Report. Rev. Med.
Int., 23 (7). 657-664.

Raskind, WH., EU. Conrad, M. Matsushita,
EM. Wijsman, D.E. Wells, N. Chapman, I..J. Sandell,
M. Wagner and I. Houck, 1998. Evaluation of locus
heterogeneity and EXT1 mutations in 34 families
with hereditary multiple exostoses. Hum. Mutat.,
11 (3): 231-239.

Schmale, G.A., EU. Conrad and W.H. Raskind, 1994.
The natural history of hereditary multiple exostoses.
I. Bone Joint Surg. Am., 76 (7). 986-892.

1040



Pak. J. Biol. Sci,, 11 (7): 1037-1041, 2008

Stieber, TR. and T.P. Dormans, 2005 Hereditary
multiple exostoses. J. Am. Acad Orthop. Swyg.,
13(2) 110-120.

Wicklund, C.L., RM. Pauli, D. Johnston and J.T. Hecht,
1995, Natural history study of hereditary multiple
exostoses. Am. J. Med. Genet., 55: 43-46.

Wuyts, W.,, W. Van Hul, K. De Boulle, J. Hendrickx,
E. Bakker, F. Vanhoenacker, F. Mollica, H.J. Ludecke,
B. Sitki Sayli, U.E. Pazzaglia, G. Mortier, B. Hamel,
E.U. Conrad, M. Matsushita, W.H. Raskind and
P. Willems, 1998. Mutations m the EXT1 and EXT2
genes in hereditary multiple exostoses. Am. I. Genet.,
62 (2). 346-357.

Wuyts, W. and W. Van Hul, 2000. Molecular basis of
multiple exostoses. Mutations in the EXT1 and EXT2
genes. Hum. Mutat., 15: 220-227.

Wuyts, W., I.V. Bovee and P.C. Hogendoorn, 2002. From
gene to disease; hereditary multiple exostoses. Ned.
Tijdschr. Geneeskd., 146: 162-164.

Zak, BM., BE. Crawford and I.D. Esko, 2002.
Hereditary multiple exostoses and heparan
sulfate polymerization. Biochem. Biophys. Acta,
1573: 346-355.

1041



	PJBS.pdf
	Page 1


