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Abstract. The aim of the present study was to report a clinical 
survey of hereditary multiple exostoses (HME) in a large 
Chinese pedigree, and the identification of a novel deletion 
mutation of exostosin glycosyltransferase 2 (EXT‑2) gene. 
A patient with multiple exostoses with huge cartilage‑capped 
tumors in scapula, knees and ankles received surgery in 
Department of Orthopedics (Shanghai Changhai Hospital). 
A total of 20 family members were recruited to the study, 
with seven members (five male; two female) diagnosed 
as HME. The family members of the patients with HME 
were examined, clinical data and peripheral blood samples 
were collected, and their DNA was sequenced. The incidence 
of HME in this family pedigree was 35%. Exostoses were 
most frequently in the tibiae with occurrence in six patients, 
followed by ribs, femurs, radii, fibulae, scapulae and humeri. 
DNA sequencing of peripheral blood revealed a novel dele‑
tion mutation, c.824‑826delGCA, in exon 5 of the EXT‑2 
gene, which was observed in all the patients with HME, but 
not in the healthy family members. Several characteristics of 
HME in the pedigree were observed, such as susceptibility of 
male gender, decreased average age of onset and height and 
increased severity of clinical symptoms with generations.

Introduction

Hereditary multiple exostoses (HME) is an autosomal 
dominant skeletal disorder that is characterized by multiple 

cartilage‑capped tumors growing outward from the metaphy‑
seal region of the long tubular bones and other skeletal 
structures (1,2). HME can lead to physical and psychological 
problems in patients, causing huge burdens to both families 
and society, although it is a rare disease (1,3,4). The incidence 
of HME was reported to be 0.4‑1 per 50,000 in the Western 
countries (1,5).

The appearance of a palpable mass near the knees, shoul‑
ders, ankles or wrists is the most common clinical presentation 
in patients with HME (1). Hennekam (6) suggest that a patient 
with HME is generally burdened with an average of six exos‑
toses. In addition to patient appearance D'Ambrosi et al (3) 
reported that children affected by HME report lower sports 
activity, particularly among female patients. In addition, 
neurological syndromes, pains, functional disorders and defor‑
mities are also common clinical presentations of HME (7‑9). 
According to previous studies, although most of the masses 
were benign, ≤2% of cases develop into malignant chondro‑
sarcoma or osteosarcoma (1,10). These data and results were 
summarized and reported in western countries; however, 
few reports of clinical features of HME have been studied 
in Chinese populations. Therefore, it is essential to study the 
clinical course of this disease in Chinese populations and 
compare the similarities and differences in natural history, 
clinical presentation and characteristics with other ethnicities 
to facilitate a further understanding of HME. This is one of the 
objectives of the present study.

Study of pathogenesis is useful for further understanding 
of diseases and provides guidance for treatments. As to the 
pathogenesis of HME, a number of risk factors have been 
identified and pathogenic mechanisms have been specu‑
lated (10‑15), such as genes and genetic factors, abnormal 
embryonic development, and growth and development disfunc‑
tion of epiphysis at long bones. For example, Inubushi et al (16) 
reported a connection between increased BMP signaling and 
osteochondromagenesis, which serves an essential role in 
skeletal development by regulating chondrocyte proliferation 
and differentiation; they also suggest that treatment with a 
BMP inhibitor may be effective in patients with HME, which 
showed promising results in their study conducted on mouse 
models. Bukowska‑Olech et al (12) hypothesized that hepa‑
ranase, an enzyme that cleaves the heparan sulfate (HS) chains 
and stimulates chondrogenesis, is physiologically found only 
in the hypertrophic zone and perichondrium, and its wider 
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distribution and increased activity possibly served a role in the 
development of osteochondromas.

Although several risk factors and pathogenic mechanisms 
have been hypothesized, it is most frequently suggested that 
mutations in exostosin glycosyltransferase  1 (EXT‑1) and 
EXT‑2, genes with autosomal dominant inheritance, are 
the most likely responsible factors for HME (2,12), having 
been detected in 28‑65% and in 21‑61% of the affected 
patients, respectively (1). EXT‑1 is located on chromosome 
8q24,11‑q24.13 and EXT‑2 on chromosome 11p11‑12  (11); 
both encode glycosyltransferases and serve vital roles in the 
synthesis of HS. HS is a polysaccharide material that binds 
to core proteins to produce HS proteoglycans, which are 
present to a large extent in the cell membrane and extracel‑
lular matrix and interact with BMPs participating in the 
regulation of bone and cartilage formation (11). Therefore, 
heterozygous mutations of the EXT‑1 or EXT‑2 gene lead to 
an HS deficiency of ~50%, which is inadequate for giving rise 
to osteochondroma formation in patients with HME (11). An 
increasing number of mutations of EXT‑1 and EXT‑2 have 
been observed (12,17). In Guo et al (18), a novel heterozygous 
splice mutation (c.1284+2del) in EXT‑1 was identified in a 
three‑generation family with HME. Medek et al (10) identified 
different EXT‑1 gene mutations in five probands that resulted 
in premature stop‑codons (p.Gly124Argfs*65, p.Leu191*, 
p.Trp364Lysfs*11, p.Val371Glyfs*10, p.Leu490Profs*31). In 
two of the probands, nonsense mutations were found in EXT‑2 
gene (p.Val187Profs*115, p.Cys319fs*46). In total, five muta‑
tions were novel and two mutations have occurred de novo 
in probands. Xian  et  al  (19) also found a novel heterozy‑
gous splice site mutation (c.1173+2T>A) in the EXT‑2 gene. 
Chen et al (20) identified an original nonsense mutation in the 
EXT‑2 gene (9c.526C>T; p.Gln176*) in a Chinese family with 
HME from Hangzhou. Indeed, >70% of HME cases arise from 
monoallelic mutations in either EXT‑1 or EXT‑2 (10,11,21), 
and in 5‑34% of the patients with HME, mutations EXT‑1 or 
EXT‑2 are not detected (22), suggesting that there might be 
other mutations of EXT genes in patients with HME which 
may serve important roles in pathogenesis.

Therefore, the object of the present study was to report the 
clinical presentations and characteristics of HME in a large 
Chinese pedigree and to analyze the molecular background 
using DNA sequencing in this pedigree.

Materials and methods

Patients and a large Chinese pedigree. The proband was a 
24‑year‑old female patient from Anhui, Jiangsu (China), 
with multiple exostoses involving the scapula, bilateral distal 
femurs and bilateral proximal tibiae and bilateral proximal 
fibula, who received osteochondroma surgery for the scapula 
at Shanghai Changhai Hospital (Shanghai, China) in 2012 and 
osteochondroma surgery for the bilateral proximal tibiae and 
fibula in 2016 due to pain, functional limitation and deformity. 
Post‑biopsy analysis indicated that the masses were multiple 
exostoses. Several generations of family members from the 
proband were investigated by two surgeons (WW and YS). A 
total of 20 family members were recruited in the present study, 
including 10 males and 10 females (age, 6‑83 years). The dates 
patients were recruited started at 9 March 2017 and ended at 

28 March 2017. Diagnostic criterium was X‑ray examination 
revealing that the long bone metaphysis had at least two or more 
osteochondromas. In addition, three patients (two males and 
one female, age, 45 to 55 years old) with arthritis and without 
HME who received surgery in Shanghai Changhai Hospital in 
June‑December 2017 were recruited and their cartilage speci‑
mens were resected and used as controls. The present study 
was approved by the Institutional Review Board of Shanghai 
Changhai Hospital (approval no. CHEC20180184), and all 
patients provided written informed consent for the study. In 
addition, since minor patients were not able to understand the 
study design, purpose and cautions of this study, the parents of 
the patients provided informed consent.

Collection of data, post‑operation biopsy and peripheral 
blood. The authors (WW and YS) went to Jiangsu (China) to 
collect data on 9 March 2017 and 28 March 2017, respectively. 
Each participant in this pedigree underwent careful physical 
and/or radiographic examinations by two surgeons (MY and 
DH). Multiple exostoses were diagnosed as at least two osteo‑
chondromas, arising from the lateral ends of the humerus, 
ulna, femur, tibia, fibula, knee joint or scapula. Those patients 
with multiple exostoses were classified using a the multiple 
osteochondromas classification system through a Switching 
Neural Networks approach (23). Clinical data were collected 
from this family pedigree, including the number of patients 
with multiple exostoses and healthy subjects, age, height, the 
age when the first exostosis was recognized, deformity or 
functional disabled and locations of exostoses.

Resection surgery was performed in the scapula and 
bilateral knees of the proband (III‑9) and multiple exostoses 
were resected in bilateral knees of the patient III‑8 for pains 
and deformity. These surgeries were performed by the same 
surgeon (DH) and the postoperative biopsy was conducted by 
the Department of Pathology at Shanghai Changhai Hospital. 
These two patients were followed up at two years after the 
operation.

In addition, EDTA‑anticoagulated peripheral blood (5 ml) 
was drawn from each subject of this pedigree for DNA 
sequencing.

Genetic analysis. Preliminary whole‑genome sequencing 
in three HME patients (II‑3, III‑8 and III‑9) showed that 
the deletion mutation at c.824‑826delGCA in the EXT‑2 
gene (in exon 5 of the EXT‑2) was the only mutation site in 
these three HME patients by comparing with the published 
EXT‑1 and EXT‑2 reference sequences from Leiden Open 
Variation Database (LOVD; databases.lovd.nl/shared/genes), 
which might have disastrous effects on the etiology of HME. 
According to preliminary results (data not shown) the dele‑
tion mutation at c.824‑826delGCA in the EXT‑2 gene may 
affect production of glycosyltransferases, which are vital for 
the synthesis of heparin sulfate, and interaction with bone 
morphogenetic protein that participates in the regulation of 
bone and cartilage formation. However, the exact mechanism 
by which this deletion mutation influences the occurrence 
and development of HME needs further study. Therefore, to 
explore whether this mutation at c.824‑826delGCA, in exon 5 
of the EXT‑2 was the only mutation in this pedigree, genomic 
DNA was extracted from peripheral blood leukocytes using 



Molecular Medicine REPORTS  25:  141,  2022 3

the GeneJET Whole Blood Mini kit (Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. The exon 5 of 
the EXT‑2 gene including the mutation site was amplified by 
PCR using the upstream primer 5'‑CTG​GGA​AGT​AAG​GAA​
AGG​G‑3' and the downstream primer 5'‑GAG​GTG​GGA​AAG​
ATG​GGT​G‑3' (amplicon length: 497; annealing temperature: 
54˚C). The amplifications were performed to a final volume 
of 20 µl, containing 1 µl genomic DNA, 10 µl 2X Premix 
Taq (Vazyme Biotech Co., Ltd.), 1 µl of each primer and 7 µl 
sterilized distilled water. The thermocycling conditions were 
as follows: Initial denaturation of 5 min at 95˚C; followed by 
35 cycles of 30 sec at 95˚C, 45 sec at annealing temperature 
and 30 sec at 72˚C; and a final extension for 10 min at 72˚C. 
Direct sequencing of the PCR products was performed using 
BigDye Terminator v3.1 (Applied Biosystems) with the ABI 
3730 XL automated sequencer (Applied Biosystems).

Results

Clinical characteristics of the pedigree. A total of 20 family 
members were recruited in the present study with seven 
members (five male and two female) diagnosed as HME with 

the incidence of 35%; these include II‑3, II‑6, III‑7, III‑8, III‑9, 
III‑11 and IV‑4 (Fig. 1). The grandfather (I‑1) of the proband 
also had HME according to medical records; however, he 
died in 2016 so was not recruited. The pedigree of this family 
with HME was shown in Fig. 1. The proband (III‑9) was a 
24‑year‑old male patient with multiple exostoses involving the 
scapula, bilateral distal femurs, and bilateral proximal tibiae 
and fibula (Fig. 2) and other family members was subject 
without HME.

In this pedigree, the number of male patients with HME 
was larger than that of female HME patients. All the patients 
with HME in second generation were males and all the male 
descendants of II generation with HME (II‑3 and II‑6), named 
as III‑9 and III‑11 were diagnosed as HME. These findings 
suggested that males were more susceptible to HME compared 
with females.

The age of all patients when the first exostosis was recog‑
nized was <10 years old (Table I). The average age of second 
generation, third generation and fourth generation when the 
first exostosis was recognized was 8.5 years old, 5.25 years old 
and 4 years old, respectively, indicating that the age of onset of 
HME became earlier in each generation.

Figure 1. Pedigree of the family with HME. The proband (III‑9) is indicated with an arrow. Boxes or circles with an oblique line and double lines indicate that 
the individual is deceased and divorced, respectively. ■, affected male; ●, affected female; □, healthy male; ○, healthy female. *Family members included in 
this study. 

Figure 2. Clinical pictures of three HME patients (II‑3, III‑8 and III‑9). (A) Posterior and lateral film of a large chondrosarcoma in right scapula in proband 
(III‑9), which was diagnosed as a malignant cartilage‑capped tumor by post‑operation biopsy. (B) Clinical pictures of chondrosarcomas in bilateral distal 
femurs and left proximal tibia in proband's sister (III‑8). (C) Clinical pictures of chondrosarcoma in left distal tibia in proband's father (II‑3).
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The height of II‑3, II‑6, III‑7, III‑8 and III‑9 was 173, 174, 170, 
163 and 156 cm, respectively (Table I). Patients III‑11 and IV‑4 
were juveniles; based on the data of other five adult patients with 
HME, it was found that the height of each affected subject might 
have a decreasing trend with generations. Whether the height 
of patients III‑11 and IV‑4 will be shorter than that of second 
generation needs further follow‑up.

In this pedigree, exostoses were most frequently in the 
tibia with occurrence in six patients (85.7%), followed by rib 
(4/7; 57.1%), femur (3/7; 42.9%), radius (2/7; 28.6%), fibula (2/7; 
28.6%) and scapula (2/7; 28.6%; Table I). Exostoses was also 
found in humerus in III‑8.

Subjects were classified according to Switching Neural 
Networks approach for classification (23) (Table I). The results 
showed that the clinical presentation of each of the four patients 
in the third generation was classified as IB, IIB, IIIA and IB, 
which was more serious compared with that of second genera‑
tion, both IA. Taken together, the data suggest that the younger 
patients exhibited more severe conditions compared with the 
others. The clinical presentation of III‑9 (proband, 24 years old) 
and III‑8 (26 years old) was classified as IIIA and IIB, respec‑
tively, which was more severe than that of the older relatives, 
III‑7, II‑6 and II‑3. The clinical presentation of proband was the 
most serious because she had multiple exostoses involving the 
scapula, bilateral distal femurs and bilateral proximal tibiae and 
fibula.

Biopsy and two years' follow‑up. Patients III‑8 and the III‑9 
(proband) received resection surgery in Shanghai Changhai 
Hospital for the pains and skeletal deformations caused by 
multiple exostoses in the scapula and the bilateral proximal 
tibiae and fibula of the proband, and in the bilateral proximal 
tibiae and fibula of the patient III‑8. The masses resected from 
the scapula and bilateral proximal tibiae and fibula of the 
proband were verified as malignant cartilage‑capped tumor and 
benign exostoses, respectively. The post‑operation biopsy of the 
bilateral proximal tibiae and fibula in patient III‑8 indicated that 
the resected masses were benign exostoses. The intraoperative 
pictures and biopsy are shown in Fig. 3A and B. As shown in 
Fig. 3A, patient III‑9 (proband) was placed in lateral position, 
and huge masses could be seen in his scapula. The masses from 
proband's scapula were resected, and the postoperative biopsy 
showed that it was malignant cartilage‑capped tumor. The tumor 
cells were arranged in small clusters with occasional binuclear 
nuclei, some lobular margins contained tumor cells with obvious 
heteromorphism, with nuclear hypertrophy, deep staining, 
occasional multinucleated and binucleated giant cells. Cortical 
destruction and surrounding soft tissue infiltration were seen. 
As shown in Fig. 3B, patient III‑8 suffered from huge masses in 
the bilateral proximal tibiae and fibula, and the masses from the 
bilateral proximal tibiae and fibula were resected and the post‑
operative biopsy showed that the tumor tissue was lobulated and 
composed of chondrocytes and cartilage matrix. At the 2‑year 
follow‑up, no recurrence of multiple exostoses was observed in 
either patient with the significant improvements of quality of life 
(no pain and improved activity ability) in these patients according 
to the follow‑ups of these patients, as shown in Fig. 3C.

Genetic analysis of EXT‑2. A 3‑bp heterozygous deletion 
(GCA) at the 267‑269 of EXT‑2 was found in HME patients 
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Figure 3. Intraoperation pictures, postoperative biopsy and clinical pictures at two‑years' follow‑up in three HME patients (II‑3, III‑8 and III‑9). (A) Intraoperation 
pictures of the proband (III‑9). The masses from proband's scapula were resected, and the postoperative biopsy showed that it was malignant cartilage‑capped 
tumor. The tumor cells were arranged in small clusters with occasional binuclear nuclei, some lobular margins contained tumor cells with obvious heteromor‑
phism, with nuclear hypertrophy, deep staining, occasional (a) multinucleated and (b) binucleated giant cells. Cortical destruction and surrounding soft tissue 
infiltration were seen (c). (B) The intraoperation pictures of the patient III‑8. The masses from the bilateral proximal tibiae and fibula were resected and the 
postoperative biopsy showed that the tumor tissue was lobulated (a) and composed of chondrocytes (b) and cartilage matrix (c). (C) At the two‑years follow‑up, 
no recurrence of multiple exostoses was observed in the proband (left) or in patient III‑8 (right).

Figure 4. Sanger DNA sequencing results of patients (A) II‑6, (B) IV‑4, (C) III‑11, (D) III‑7 and (E) unaffected subject (II‑8). In parts A‑D, a 3‑bp heterozygous 
deletion (GCA) at the 267‑269 of EXT‑2 was found. Beyond the point of nucleotide 267, two overlapping sequences were observed: ATGTCAGCATTCCT and 
ATGTCATTCCT, indicating that the deletion was a heterozygous event; however, no overlapping sequences was observed in the unaffected subject (II‑8, red 
box). Arrows indicate the beginning of overlapping sequences in patients with HME. 
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(Fig. 4A‑D). Beyond nucleotide 267, two overlapping sequences 
were observed: ATG​TCA​GCA​TTC​CT and ATG​TCA​TTC​CT, 
indicating that the deletion was a heterozygous event; however, 
no overlapping sequences was observed in the unaffected subject 
(II‑8, Fig. 4E). After genetic analysis of c.824‑826delGCA at 
EXT‑2 in all family members in this pedigree except for III‑8, 
III‑9 and II‑3 who received Whole‑Genome Sequencing, The 
results showed that deletion mutation at c.824‑826delGCA in 
the exon 5 of EXT‑2 gene was detected in four of the affected 
individuals (II‑6, III‑7, III‑11 and IV‑4), whereas none of the 
unaffected family members examined carried this mutation 
(I‑2, II‑2, II‑8, III‑1, III‑2, III‑3, III‑4, III‑10, III‑13, III‑14, 
IV‑1, IV‑2 and IV‑3). Thus, this finding was consistent with 
preliminary results (III‑8, III‑9 and II‑3). This mutation was 
found in all patients (II‑3, II‑6, III‑7, III‑8, III‑9, III‑11 and 
IV‑4) rather than in unaffected family members, suggesting 
that the mutation site at c.824‑826delGCA in the EXT‑2 gene 
was the causative mutation for HME in this family. No other 
mutations were reported in any of the analyzed samples.

Discussion

The present study surveyed 20 family members of four 
generations in a large pedigree with seven subjects diagnosed 
with HME and the relatives without HME used as controls. 
The study not only reported clinical characteristics of HME, 
providing valuable baseline assessments of the nature and 
characteristics of HME, but also found a mutation of EXT‑2 
gene in a large Chinese pedigree, extending the known muta‑
tional spectrum of EXT‑2 gene for improved understanding of 
the genetic basis of patients with HME.

Compared with other studies in which unrelated healthy 
subjects, matched for geographical ancestry, were included 
as controls  (21,24), the present study recruited family 
members without HME, which decreased the selection bias 
and the results were more reliable. Moreover, seven out of 
the twenty family members examined were found to have 
multiple exostoses with the incidence of 35% in this pedigree. 
The incidence of HME in total populations was reported to 
be 0.4‑1 per 50,000 in Western populations and 40 out of 
50,000 in the Chamorro people (1). Guo et al (25) investigated 
the epidemiology of HME in mainland China by searching 
databases. In their study, a total of 1,051 cases with more 
detailed documentations were reported in mainland China 
since 1990, among which 4% were diagnosed as sporadic vs. 
96% as familial cases and the estimated penetrance was 39%. 
Whatever the incidence in pedigree or in total populations, it 
varies in different studies since these data were taken from 
hospital reports and health databases of the affected patients 
and families, with a focus on people who reported the symp‑
toms and were classified as affected. Therefore, studies with 
large sample size in multicenter and various ethnicities are 
necessary.

A total of five out of seven (71.4%) patients with HME 
in this pedigree were males, indicating that males might be 
more susceptible to HME compared with females, which was 
consistent with previous studies (1,21,24,26). Guo et al (25) 
performed a systematic review by searching several databases 
and the prevalence was higher in males (male:female ratio 
637:414; 1.5:1), which might provide more reliable information 

for the susceptibility of HME in different sexes. However, 
these findings were proved wrong by other authors (27,28). For 
example, Wicklund et al (27) showed that the male to female 
ratio was unskewed in nuclear families (probands, affected 
sibs, and parents). The present study recommended that males 
should be paid more attention by physical and/or radiographic 
examinations, especially in HME pedigrees, for early diag‑
nosis and treatment.

The median age of patients with HME in this pedigree 
was 26 years‑old, with the oldest age at 50 years‑old (II‑3) and 
youngest age of 10 years‑old (IV‑4). Xia et al (21) reported a 
median age of 31, with the oldest and youngest in their pedi‑
gree at 62 and 25 years old, respectively. In Ruan et al (24), the 
youngest patient was 6 years old and the oldest was 75 years 
old. This difference between the present study and theirs might 
be due to the time point of the survey and the health problems 
of the subjects. It is hypothesized that, in general, most patients 
are diagnosed before the age of 12 and the median age of diag‑
nosis is 3 years old (1,29). Guo et al (25) also indicates that 
most of patients with HME (83%) were diagnosed by the age of 
≤10 years (six cases detected at birth) and 14% of patients were 
diagnosed by the age of 10‑20 years. The results of the present 
study showed that the age of onset varied from 4‑9 years‑old, 
which was consistent with the general consensus, including 
Guo et al (25). According to these findings, early diagnosis 
and early treatment should be paid attentions in hereditary 
susceptible subjects.

The present study also reported the height of patients with 
HME and the results of adult affected patients suggested that 
the height of each adult subject might have a decreased trend 
in subsequent generations, consistent with Clement et al (30) 
and Ruan et al  (24). Since few studies have examined the 
relationship between patients' height throughout generations, it 
is hypothesized that the present study might provide valuable 
baseline assessments of the nature and characteristics of HME.

Patients are often diagnosed with HME by a physician 
following the appearance of a palpable mass near the joints 
where is the lateral side of the most active growth plate of a 
long bone (31). Knees, shoulders, ankles and wrists are the most 
commonly affected joints (1,25,26). The present study found 
that tibiae, femurs, radii and fibulae were the primary locations 
of exostoses. These findings suggested that if patients come to 
clinics with masses in these locations and with a family history, 
HME should be considered. However, ribs are also a common 
location of exostoses in this study, which was inconsistent with 
Guo et al (25). That study showed that ribs were less often 
involved with the incidence of 17% in studied populations. 
Selection of patients might be the primary contributor. In 
Beltrami et al (31), osteochondromas were often first discov‑
ered on the ribs and the proximal tibia, where they can be 
clearly visible and palpable, which might be an another reason. 
In addition, other locations including pelvis, vertebrae and 
carpal/tarsal bones were reported in previous studies (26,32), 
whereas these locations were not observed in the pedigree of 
the present study. Recently, surgeons have also reported osteo‑
chondroma at rare locations, such as C1 and C2 (33,34). It has 
been reported that a patient with HME is generally burdened 
with an average of six exostoses  (1), and the results of the 
present study were consistent with this finding. Facial bones 
are largely unaffected, which may be due to intramembranous 



Molecular Medicine REPORTS  25:  141,  2022 7

ossification at these locations (35), and no exostoses were found 
in these bones in the present study. All these findings indicated 
that clinical characteristics of HME often varied among indi‑
viduals, and exostoses could occur at several bones and joints, 
which could be a great challenge for surgeons.

Although HME may be asymptomatic, a wide spectrum of 
severity of clinical manifestations are found in patients with 
this disorder (31,36). The present study showed that the severity 
of the disease varied in pedigree by using the classification 
system of Mordenti et al (23). In the present study, the severity 
of clinical presentations in patients with HME was associated 
with the generation, as it was found that the patients whose 
conditions were more severe were third or fourth generation. 
The results were consistent with Shen et al (26), who hypoth‑
esized that the patients whose conditions were more severe 
were younger than the others. Therefore, the younger patients 
with HME in third or fourth generations should be paid more 
attention since their clinical symptoms might be more severe 
and treatments should be performed earlier.

Malignant transformation was only found in one case, the 
proband (III‑9), though it is relatively rare. Beltrami et al (31) 
showed that the places of malignant transformation more 
frequently involved were the pelvis, the scapula, the proximal 
part of the femur and the humerus. In addition, the authors 
of that study hypothesized that malignant transformation in 
HME is diagnosed at a younger age than chondrosarcomas 
are in patients without HME, most often in the early 20s, 
which was also verified in the present study in the 24‑year‑old 
proband with chondrosarcomas in the scapula. In addition, no 
recurrence of chondrosarcomas and exostoses was observed at 
the two‑years follow‑up in the proband and in the patient III‑8, 
indicating that surgical resection may be a useful method for 
exostoses and may greatly affect the quality of life of patients 
with HME; this was consistent with Liang et al (32).

The present study performed Sanger sequencing) on 
20 family members in a large HME pedigree to screen for 
potential gene mutations and to expand our knowledge of the 
mutation hotspots of EXT‑2; for example, c.824‑826delGCA, in 
exon 5 of the EXT‑2, according to the findings of preliminary 
experiments (data not shown). The present study showed that 
the c.824‑826delGCA EXT‑2 deletion mutation was found in 
all patients with HME in this pedigree, but not in the unaf‑
fected family members, and was also the only mutation site in 
the patients with HME. This mutation site of EXT‑2 was first 
found and reported by us, indicating that EXT‑2 may serve a 
key important role in the pathogenesis of HME, which were 
consistent with Xia et al (21) who found a novel heterozygous 
frameshift mutation, c.119_120delCT (p.Thr40ArgfsX15), in 
exon 2 of the EXT2 gene in HME patients with HME and 
hypothesized that EXT‑2 mutation might be responsible for 
more cases of HME in the Chinese population. In addition, it is 
hypothesized (1,2) that mutations of either EXT‑1 or EXT‑2 will 
critically disrupt the HS chain elongation process and subse‑
quently the function of numerous proteins, such as fibroblast 
growth factor, vascular endothelial growth factor and trans‑
forming growth factor‑β (1,2). These aberrant proteins include a 
number of important signaling receptors and paracrine growth, 
proliferation and differentiation factors involved in various 
normal and pathological processes such as morphogenesis, 
angiogenesis, inflammation and tumor metastasis. Therefore, 

the findings of the present study may extend the EXT‑2 muta‑
tional spectrum in HME pathogenesis. However, how this 
novel deletion mutation of EXT‑2 influences the pathogenesis 
of HME and what signaling pathways requires further study.

The severity of HME varies, even within the same family 
whose affected members all share the same mutation (36). 
The present study was consistent with Porter et al  (36), as 
c.824‑826delGCA of EXT‑2 gene was observed in all patients 
with HME however severe their clinical symptoms. One 
previous study (37) reported that the malignant transformation 
of preexisting osteochondromas relied on wild‑type cells with 
functional EXT; that is, secondary peripheral chondrosarcomas 
occur through EXT‑independent mechanisms. This may be the 
reason that the exostoses in the scapula of the proband (III‑9) 
was a malignant cartilage‑capped tumor, which is a severe 
complication of HME, whereas other family members in this 
pedigree exhibited less severe symptoms.

Although some new findings have been explored in the 
present study, the sample size was relatively small and further 
studies at a larger scale are required.

In conclusion, the present study reported clinical charac‑
teristics of patients with HME in a large Chinese pedigree 
and identified a novel c.824‑826delGCA of EXT‑2 gene in this 
family. Results from the present study increased our under‑
standing of the nature of HME, extended the known mutational 
spectrum of EXT‑2 and suggested further application of muta‑
tion screening in genetic counseling and subsequent prenatal 
diagnosis of HME.
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