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Abstract. Avascular necrosis of the femoral head (ANFH) is 
a consequence of ischemia. Although the majority of cases 
of ANFH are sporadic, certain familial cases of ANFH have 
been reported to be associated with collagen type II α1 chain 
(COL2A1) mutations, which lead to COL2A1 gene dysfunction. 
The structure of secreted type II collagen contains a core area 
with a triple helical glycine (Gly)-X-Y domain, and the replace-
ment of Gly in this region as a result of COL2A1 mutations may 
damage the structure of type II collagen. In the present study, a 
Chinese family with ANFH was recruited and genetic analysis 
was conducted to determine whether COL2A1 mutations were 
implicated in this familial ANFH. A three-generation family 
containing 31 members, as well as 20 patients with sporadic 
ANFH, were recruited for investigation. The diagnosis was 
performed by independent surgeons and radiologists according 
to internationally recognized criteria. In the present study, a 
heterozygous c.3508G>A mutation in exon 50 of the COL2A1 
gene was identified, which results in the substitution of Gly with 
serine at codon 1,170. Furthermore, genetic pedigree analysis 
indicated that this mutation was inherited in an autosomal 
dominant manner. The present study revealed that a heterozy-
gous c.3508G>A mutation in the COL2A1 gene was involved 
in ANFH development in one Chinese family. Therefore, it is 
proposed that individuals who carry this c.3508G>A mutation 
in the COL2A1 gene should receive genetic counseling and 
early intervention for ANFH.

Introduction

Numerous factors, including trauma, alcohol, steroids, 
coagulation disorders, sickle cell disease and fat embolism, 

have been reported to be implicated in the destruction of 
the femoral head (1). Avascular necrosis of the femoral 
head (ANFH), as a consequence of impaired blood supply, 
is a common type II collagenopathy that is associated with 
collagen type II α1 chain (COL2A1) mutations (2,3). The 
primary clinical manifestations of ANFH are limping gait, 
discrepancy in leg length and pain on exertion, which have 
a substantial effect on the quality of life of individuals (4,5). 
Although the exact pathogenesis of ANFH remains to be eluci-
dated, evidence obtained from idiopathic osteonecrosis in twin 
studies indicates that genetic factors may have a vital role in 
the development of ANFH (6,7). Additionally, genetic studies 
have demonstrated that various single nucleotide mutations 
in COL2A1 are associated with an increased risk of ANFH. 
Based on the data obtained from familial ANFH patients in 
three Chinese families, a study conducted by Liu et al (2) 
revealed that a G to A transition in exon 50 (c.3665G>A) or 
exon 30 (c.2306G>A) in COL2A1 led to the replacement of 
glycine (Gly) with serine at codon 1,170 in the Gly-X-Y domain 
among patients with ANFH, which did not occur in healthy 
individuals. Furthermore, a study conducted by Li et al (8) 
revealed that a novel p.Gly630Ser mutation in the COL2A1 
gene may have led to ANFH and Legg-Calve-Perthes disease 
(LCPD) in a Chinese family.

The COL2A1 gene, which is localized at 12q13, encodes 
the necessary element for type II collagen, characterized by 
three homologous α1-peptide chains (9). Type II collagen is 
predominantly expressed in the hyaline cartilage, as well as 
the vitreous body and nucleus pulposus (10). Type II collagen 
is also an essential component of collagen in the connective 
tissue; the biomechanical strength of this tissue is primarily 
dependent on the amount and extent of collagen fibril cross-
linking (11). Type II collagen is composed of three homologous 
α1 peptide chains (homotrimers) that twist together to form a 
triple-stranded helix. The triple helical domain contains ~300 
amino acids, and Gly followed by two other amino acids (AAs) 
constitute the repeated (Gly-X-Y)n sequence. If Gly in the 
specific Gly‑X‑Y repeat is replaced by other AAs, the structure 
of the type II collagen is destroyed (8,12). Over 200 mutations 
have been identified in the COL2A1 gene, and the majority of 
these mutations have been associated with the replacement of 
Gly residues in the triple helix domain (13). In recent decades, 
an increasing number of studies have indicated that mutations 
in the COL2A1 gene are associated with familial or inherited 
ANFH (8,14-20). However, at present, no mutation hotspot has 
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been confirmed. The present study was performed to identify 
potential mutations in the COL2A1 gene that may be impli-
cated in ANFH among a unique three-generation Chinese 
family, and to conduct a review of the literature.

Case report

Ethics statement. All experimental protocols described in the 
present study were approved by the Institutional Review Board 
of the Second Hospital of Yueyang (Yueyang, China). Written 
informed consent according to the Declaration of Helsinki was 
obtained from all subjects described in the present study.

Case presentation and pedigree analysis. A femoral head 
osteonecrosis pedigree with a total of 31 subjects (13 males 
and 18 females) of three generations (Yueyang, China) was 
recruited in the present study in July 2016. The proband (II-5), 
a male diagnosed with ANFH, visited the Second Hospital 
of Yueyang (Yueyang, China) in July 2014 due to groin pain 
and restricted motion of the left hip joint, which started 
when the patient was 41 years old. A comprehensive survey 
was conducted to obtain detailed information of the patient's 
medical history, physical examination and laboratory exami-
nation. Total hip replacement surgery was performed on his 
right hip joint in July 2014 in the Second Hospital of Yueyang. 
The radiograph revealed that the primary pathological change 
in his left hip was a flat femoral head with cystic degeneration, 
secondary osteoarthritis (OA) and light subluxation, indicating 
a Ficat stage IV lesion (21) (Fig. 1A). The patient was treated 
with total hip arthroplasty (Fig. 1B) and a post-operation 
biopsy confirmed the diagnosis.

The X-ray of the patient's spine was normal (Fig. 1C and D) 
and facial features were unremarkable. There were no obvious 
abnormalities in the patient's neurological system or limbs. A 
total of 11 members of the proband's family (II-1, II-8, II-9, II-10, 
II-12 and III-6 to III-11) had similar clinical manifestations 
observed in X-rays (data not shown). Due to the aggregation 
of similar hip disorders in this family, a pedigree analysis was 
conducted to determine the potential cause (Fig. 2). Subjects of 
the first generation had passed away.

A total of 12 family members (54.5% of the offspring) were 
clinically diagnosed with ANFH (Fig. 2). Radiographic data 
revealed the typical features of the affected hips, including 
cysts, collapse, joint space narrowing, secondary OA and 
subluxation, indicating lesion stages ranging from Ficat II 
to IV. No family members had a history of trauma, alcohol, 
steroid use or any other high-risk factors.

Nucleic acid isolation. Blood samples of 22 family members 
from the same lineage as the proband and 20 sporadic 
ANFH volunteers were collected in July 2016 at the Second 
Hospital of Yueyang. Diagnois was conducted by an inde-
pendent pathologist and imaging doctors. Characteristics of 
affected family members and sporadic ANFH volunteers are 
presented in Tables I and II, respectively. Genomic DNA was 
extracted from peripheral blood samples (200 µl) using the 
TIANamp Blood DNA kit (Tiangen Biotech Co., Ltd., Beijing, 
China), according to the manufacturer's protocol, and stored 
at ‑20˚C prior to experimentation. The concentration and 
purity of the genomic DNA was measured using a NanoDrop 

2000 spectrophotometer (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) at 260/280 nm. The process of blood 
sample collection and mutation detection was double-blinded. 
No authors had access to information that could identify indi-
vidual participants during or following data collection.

COL2A1 gene mutation analysis. Primers were designed based 
on the sequences of exon 50 in the COL2A1 gene, as previ-
ously described (9). The primer sequences were as follows: 
COL2A1-exon 50, TTT CCC AGC ACT GAT CAT GG (forward) 
and GCC TCT CGC TGT CAG ACA GA (reverse). Polymerase 
chain reaction (PCR) was performed using Pfu DNA 
Polymerase (Tiangen Biotech Co., Ltd.) in the T100 Thermal 
Cycler (Bio-Rad Laboratories, Inc., Hercules, CA, USA) with 
100 ng genomic DNA as the template. The PCR was conducted 
with the following thermocycling conditions: 95˚C for 5 min, 
followed by 35 cycles of 95˚C for 30 sec, 60˚C for 30 sec and 
72˚C for 60 sec, and final extension at 72˚C for 5 min. The PCR 
products were subsequently sequenced by Sangon Biotech Co., 
Ltd (Shanghai, China). The sequencing results were compared 
to the National Center for Biotechnology Information reference 
sequence (NG_008072.1) (22) using DNAMAN 6.0 software 
(Lynnon LLC, San Ramon, CA, USA).

A heterozygous c.3508G>A mutation within exon 50 of 
the COL2A1 gene was identified in the proband (Fig. 3A) and 
other affected members in this family, excluding subject II-1. 
The repeated analysis obtained the same results. Genetic anal-
ysis revealed that this mutation was inherited in an autosomal 
dominant manner. No mutation was found at c.3508G>A in 

Figure 2. Pedigree analysis of the affected family. Subjects II-1, II-5, II-8, 
II-9, II-10, II-12 and III-6 to III-11 were diagnosed with avascular necrosis of 
the femoral head and a heterozygous c.3508G>A mutation in COL2A1 was 
detected in the above patients, excluding subject II-1. Subjects II-4 and III-5 
were asymptomatic carriers. Subjects of the first generation had passed away. 
Squares represent males and circles represent females. Filled shapes repre-
sent affected family members, unfilled shapes represent unaffected family 
members and partially shaded shapes represent asymptomatic carriers of the 
c.3508G>A mutation in COL2A1. Shapes with a diagonal line through them 
indicate deceased family members. COL2A1, collagen type II α1 chain. 

Figure 1. Radiograph of the proband, subject II-5. (A) X-ray of the proband's 
left hip revealed cysts, joint space narrowing and secondary osteoarthritis. 
(B) Total hip replacement was performed on the proband as treatment. No 
abnormal signs were detected on the proband's (C) thoracic vertebra and 
(D) lumbar vertebra. L, left; R, right. 
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subject II-1, in which onset began at 76 years old. However, 
the patient received sequential bilateral total hip arthroplasty. 
Subjects II-2 and III-5 were also confirmed to be asymp-
tomatic carriers and require future follow-up. The mutation 
described above was not detected in the other family subjects 
or the 20 sporadic ANFH patients (Fig. 3B).

Histology. To observe the pathological alterations, cartilage 
with the most severe necrosis area in the margin of the 
femoral head from mutant (II-5 and II-9) and control (sporadic 
members) groups was collected. The cartilage specimens were 
fixed in 10% neutral‑buffered formalin overnight at 4˚C, dehy-
drated in an alcohol gradient, and embedded in low-melting 
point paraffin. Continuous 5‑µm thick tissue sections were 
cut and fixed onto silicified slides using neutral resin size 
at room temperature. The sections were deparaffinised and 
rehydrated with deionized Millipore water (EMD Millipore, 
Billerica, MA, USA). Sections were stained with 1% toluidine 
blue with borate for 20 min at 20‑25˚C, rinsed with tap water, 
dehydrated, immersed in xylene for 10 min, and then mounted 
with neutral resins (17).

The presence of necrotic trabeculae or newly formed 
trabeculae, necrotic bone marrow and fibrous tissue was 
observed in inherited ANFH (Fig. 4A), subject II-1 without the 
COL2A1 c.3508G>A mutation (Fig. 4B) and sporadic ANFH 

(Fig. 4C). Furthermore, empty lacunae without osteocytes 
were observed in both Fig. 4B and C. No marked differences 
were observed between inherited and sporadic ANFH.

Discussion

The present study identified a heterozygous c.3508G>A muta-
tion in the COL2A1 gene, which resulted in inherited ANFH 
in a large Chinese family. Unexpectedly, one family member 
with ANFH (II-1) had a normal genotype compared with the 
other affected family members; further investigation into the 
identification of the possible mutated genes is required. In 
recent decades, >200 mutations have been identified in the 
COL2A1 gene, including single substitution, splice-site muta-
tions and partial deletions (2,3,8). Type II collagen is a major 
component of the articular cartilage, which reduces articular 
friction and absorbs load pressure during movement. COL2A1 
mutations have been associated with various human disor-
ders, which are collectively termed type II collagenopathies 
and include spondyloepiphyseal dysplasia congenita, Kniest 
dysplasia, Stickler dysplasia, otospondylomegaepiphyseal 
dysplasia and spondyloepiphyseal dysplasia with premature 
onset arthrosis (23-26).

The c.3508G>A transition identified in the present study 
resulted in the replacement of Gly by serine at codon 1,170 

Table I. Summary of findings of the affected members.

Family   Age at Major Radigraphic  
members Age Sex onset symptoms findings Genotype Affected hip

Ⅱ 1 79 M 76 Groin pain/limping Cystic/collapse/joint Nomal Bilateral
     space narrowing/ 
     secondary OA
Ⅱ 4 75 F  Asymptomatic Normal Mutation 
Ⅱ 5 71 M 60 Groin pain/limping/  Cystic /joint space Mutation Bilateral
    restricted motion narrowing/secondary OA 
Ⅱ 8 68 F 20 Groin pain/limping Cystic/joint space Mutation Bilateral
     narrowing/secondary OA
Ⅱ 9 66 M 30 Groin pain/limping/ Cystic/joint space Mutation Bilateral
    restricted motion narrowing/secondary OA
Ⅱ 10 64 M  Groin pain Cystic Mutation Right
Ⅱ 12 62 M 30 Groin pain/limping Cystic/collapse/joint  Mutation Right
     space narrowing
Ⅲ 5 58 F  Asymptomatic Normal Mutation 
Ⅲ 6 50 M 49 Groin pain Cystic Mutation Right
Ⅲ 7 46 F 32 Groin pain/limping Cystic/collapse/joint Mutation Bilateral
     space narrowing
Ⅲ 8 45 M 30 Groin pain/limping Cystic/joint space Mutation Bilateral
     narrowing
Ⅲ 9 39 F 23 Groin pain/limping Cystic/joint  Mutation Bilateral
     space narrowing
Ⅲ 10 48 F 38 Groin pain/limping Cystic/joint space Mutation Bilateral
     narrowing
Ⅲ 11 41 M 40 Groin pain Normal Mutation Left

F, female; OA, osteoarthritis; M, male.
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in the affected family members, leading to a hip disorder that 
manifested as inherited ANFH. This did not occur in control 
family members. Liu et al (2) revealed that a c.3665G>A 
transition (p.G1170S) or c.2306G>A transition (p.G717S) in 
the COL2A1 gene led to ANFH in three Chinese families. 
However, the differing histopathology between inherited and 
sporadic ANFH and the histopathological characteristics of 
the mutant subjects has yet to be further discussed (2). All 
subjects with ANFH from the three families were confirmed 
to have different COL2A1 mutations. However, in the present 
study, no similar mutations were detected in one of the family 

members (subject II-1), which strongly indicates that acquired 
factors may have an irreversible role in the pathogenesis of 
ANFH. Additionally, it was reported that a c.4148G>A (18) 
or c.1774G>A mutations (19) in the COL2A1 gene may also 
lead to familial ANFH. Notably, evidence from clinical 
studies has demonstrated that a single base substitution in 
the COL2A1 gene is also implicated in the development of 
LCPD (8,14,25) and premature hip OA, which are two other 
types of type II collagenopathies (16,27). However, it remains 
to be determined whether these diseases occur separately or 
simultaneously in a single family with COL2A1 mutations. 

Table Ⅱ. Clinical data of 20 volunteer patients with sporadic avascular necrosis of the femoral head.

Sporadic   Age of   
members Age Sex onset Major symptoms Radiographic findings Affected hip

  1 57 F 42 Groin pain, limping Cysts, collapse, joint Right
     space narrowing, secondary OA 
  2 64 F 63 Groin pain, limping Cysts, joint space narrowing,  Left
     secondary OA 
  3 67 M 66 Groin pain, limping, Cysts, joint space narrowing,  Right
    restricted motion secondary OA 
  4 51 M 47 Groin pain, limping Cysts, joint space narrowing,  Right
     secondary OA 
  5 66 M 64 Groin pain, limping Cysts, joint space narrowing,  Bilateral
     collapse 
  6 85 M 79 Groin pain, limping Cysts, joint space narrowing,  Left
     secondary OA 
  7 77 M 67 Groin pain, limping Cysts, collapse, joint space Left
     narrowing 
  8 59 M 55 Groin pain, limping Cysts, collapse, joint space Left
     narrowing 
  9 62 M 52 Groin pain, limping,  Cysts, collapse, joint space Left
    restricted motion narrowing, secondary OA 
10 66 F 63 Groin pain, limping Cysts, subluxation, joint Bilateral
     space narrowing 
11 63 F 60 Groin pain, limping Cysts, joint space narrowing,  Left
     secondary OA 
12 64 M 62 Groin pain, limping Cysts, joint space narrowing Left
13 75 F 67 Groin pain, limping Cysts, joint space narrowing Right
14 47 M 46 Groin pain, limping Cysts, joint space narrowing,  Left
     secondary OA 
15 64 M 62 Groin pain, limping Cysts, collapse, joint space Left
     narrowing, secondary OA 
16 67 F 62 Groin pain, limping Cysts, collapse, joint space Left
     narrowing, secondary OA 
17 67 F 61 Groin pain, limping, Cysts, collapse, joint space Left
    restricted motion narrowing, secondary OA 
18 71 M 67 Groin pain, limping Cysts, collapse, joint space Left
     narrowing, secondary OA 
19 64 M 63 Groin pain, limping,  Cysts, collapse, joint space Bilateral
    restricted motion narrowing, secondary OA
20 68 M 62 Groin pain, limping,  Cysts, collapse, joint space Bilateral
    restricted motion narrowing, secondary OA

F, female; OA, osteoarthritis; M, male.
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Although a c.3508G>A transition was not reported to be 
associated with idiopathic osteonecrosis of the femoral head 
(iONFH) in sporadic Japanese patients, studies have indicated 
that a c.3508G>A mutation may be the root cause of familial 
Ionfh (3). However, it remains unclear whether the G>A transi-
tion (p.G1170S) is the hotspot mutation in COL2A1 that leads 
to inherited hip disorders in Chinese individuals (3). Hence, 
this requires further investigation.

Type II collagen is predominantly expressed in the matrix 
and chondrocytes. The morphology and density of chon-
drocytes vary according to the different depths of normal 
articular cartilage surface, which is divided into three zones: 
Superficial zone (10‑20%), middle zone (40‑60%), and deep 
zone (30%) (11). One histological study revealed that the deep 
zone in inherited ANFH dramatically increased to 70%, from 
30% in normal samples, and the superficial zone dramatically 
decreased to 10% (17). As mature chondrocytes are primarily 

distributed in the superficial zone, these results indicated that 
the number of mature chondrocytes is significantly decreased 
in inherited ANFH. Furthermore, although mutated type 
II collagen was reported to be secreted into the matrix, the 
non-uniform arrangement and distribution of the pathological 
collagen indicated that the biomechanical characteristics of the 
pathological cartilage was destroyed. As endochondral ossifi-
cation occurs in infant development of the femoral head, the 
biomechanical properties of the subchondral bone may also be 
markedly weakened (27). These features are notably different 
from sporadic ANFH, which begins with subchondral bone 
necrosis and does not affect the articular cartilage (28-30). No 
marked differences between inherited and sporadic ANFH 
were demonstrated in the present study. This may due to the 
different biopsy locations or the small sample size.

The process of type II collagen synthesis and assembly has 
been reported to be impaired in chondrocytes with a COL2A1 

Figure 4. Histopathological analysis of femoral head cartilage by hematoxylin and eosin staining. Necrotic trabeculae (black arrows) or newly formed trabecu-
lare (long white arrows), necrotic bone marrow and fibrous tissue (short white arrows) was observed in (A) inherited ANFH, (B) subject II‑1 and (C) sporadic 
ANFH. Empty lacunae without osteocytes (black triangles) were observed in both subject II-1 and patients with sporadic ANFH. Subject II-1 was a family 
member with ANFH that did not possess the c.3508G>A mutation in collagen type II α1 chain that other affected family members had. No observable differ-
ences were identified between inherited and sporadic ANFH. ANFH, avascular necrosis of the femoral head. (Light microscope, magnification x40). 

Figure 3. Sequencing analysis of COL2A1. (A) A 3508C>T substitution was identified in the proband, as indicated by the arrow within the antisense strand of 
exon 50 in the COL2A1 gene, indicating a heterozygous c.3508G>A mutation. This mutation may result in the replacement of glycine by serine at codon 1,170 
in COL2A1. This transition was also detected in other affected family members, excluding subject II-1. (B) The mutation was not detected in unaffected family 
members or the 20 sporadic patients. COL2A1, collagen type II α1 chain. 
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mutation (31,32). The pro-α1 peptide chain encoded by 
COL2A1 forms a triple-helix structure within the endoplasmic 
reticulum and Golgi bodies of chondrocytes, which integrates 
into numerous fibrin networks following secretion from the 
extracellular matrix (10,11). The Gly-X-Y triple-helix motif is 
crucial for the proper crosslinking of the pro-α1 peptide chain 
to form functional type II collagen. The deletion of sequences 
for maintaining the Gly-X-Y triple-helix domain lead to type 
II collagenopathies (33,34). Mortier et al reported that there 
are numerous excessive post‑translational modifications in 
type II collagen in individuals carrying a Gly-substituted 
mutation (35). These excessively modified type II colla-
gens prevent the protein from folding into its fundamental 
triple-helical domain structure (35). In addition, an increase 
in hydroxymethyl may cause local structural damage and 
a loosened super helix structure, resulting in pathological 
alterations (8,11). However, why this mutation only appears to 
affect the hip joint remains unknown and suggests that other 
biomechanical factors may be involved, which require further 
investigation.

In conclusion, the present study identified a heterozygous 
c.3508G>A mutation in COL2A1 that was implicated in 
familial ANFH, and was compatible with autosomal dominant 
inheritance. The present study may provide a novel molecular 
basis for genetic counseling and the molecular diagnosis of 
ANFH. Further studies are required to investigate the potential 
mechanism underling COL2A1 mutation-induced inherited 
ANFH.
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