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Abstract: Mutations in the gene coding collagen type II α1 chain (COL2A1) are associated 
with a series of human disorders mainly involving the skeletal system. Here, we describe 
the second family with COL2A1 mutation, c.611G>C, Gly204Ala, leading to a replacement 
of glycine in the core triple helical (Gly-X-Y) domain of COL2A1 gene. The replacements of 
glycine in every third position of the triple with other amino acids will cause failure in the 
structure of type II collagen. The affected family members manifested early-onset osteoar-
thritis involving multiple joints. We propose that the COL2A1 gene should be taken into 
consideration for genetic counseling for patients with hereditary premature osteoarthritis and 
individuals carrying this mutation should receive early interventions for osteoarthritis. 
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Introduction
Type II collagen is the predominant structural collagen of hyaline cartilage as well 
as intervertebral disc nucleus pulposus, and a critical component of vitreous 
humor.1,2 It is characterized by three indispensable homologous α1-peptide chains 
which are encoded by procollagen type II gene (COL2A1), located at 12q13.3 

Because of the abundance of type II collagen in articular cartilage, molecular 
defects in COL2A1 lead to type II collagenopathies which involve a wide spectrum 
of phenotypes of skeletal dysplasia ranging from perinatally lethal mutations such 
as lethal achondrogenesis type II/hypochondrogenesis (OMIM 200610) and platy-
spondylic lethal skeletal dysplasia (OMIM 151210), to severe diseases related to 
short-trunk dwarfism, such as spondyloepiphyseal dysplasia congenital (SEDC; 
OMIM 183900), to disorders presenting with premature osteoarthritis, such as 
Stickler dysplasia (OMIM 108300), and disorders involving the femoral head 
such as avascular necrosis of femoral head (ANFH; OMIM 608805) and Legg- 
Calvé-Perthes disease (LCPD; OMIM 150600).4,5

Early-onset osteoarthritis due to defects in COL2A1 has been reported to be 
related with a series of mutations.6,7 A heterozygous missense variant in COL2A1 
(NM_001844.4: c.611G>C, Gly204Ala) leading to a glycine-alanine substitution at 
position 204 was reported to be associated with early-onset arthritis involving 
multiple joints in an Australian family in 2010.8 Here we describe another 
Chinese family and 13 patients with the same variant (c.611G>C) who presented 
similar symptoms. Our findings not only further add to proof of the specific 
phenotype caused by this mutation, but indicate that this site might be a potential 
mutational hotspot in the COL2A1 gene.
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Case
Ethics Statement
This study was approved by the Medical Ethics 
Committees of Shandong University, China. Written 
informed consent according to the Declaration of 
Helsinki was obtained from all participating individuals.

Case Presentation and Pedigree Analysis
The proband, a 37-year-old male (III-10) was diagnosed 
with osteoarthritis of hip joint in a local hospital together 
with his father, a 65-year-old male (II-5) who had similar 
symptoms. They came to Qilu hospital (Jinan, China) for 
genetic counseling with regard to bone disease. Detailed 
investigation of medical history and physical and labora-
tory examinations were performed to obtain comprehen-
sive information. The chief complaints of the proband 
were characterized by groin pain, limping, limited move-
ment of bilateral hip joints and walking distance. The 
proband first reported post-exercise pain in left hip at age 

25 years, after two years or so, pain generalized in bilateral 
hip joints. Physical examination also revealed restricted 
neck flexion and elbow extension.

The proband’s father (II-5) presented with hip joint pain 
in his twenties and physical examination showed stiffness 
and limited motion in multiple joints including hip, neck, 
elbow, shoulder, wrist and hand. Though having suffered 
pain for more than 30 years, patient II-5 had never received 
regular medication nor surgery. He explained that his pain 
was endurable and significantly relieved after rest. No 
obvious abnormalities in limbs were found and their facial 
features were normal. Neurological examinations revealed 
no significant findings. The results of all the laboratory tests 
including rheumatology were within normal ranges.

We offered a thorough radiological examination but the 
two patients only consented to take X-rays for hip joint and 
spine. Illustrative radiographs of the two patients (II-5 and 
III-10) are shown in Figure 1. Radiographic findings showed 
significant osteoarthritic changes in bilateral hip joints and 
cervical spine: joint spaces narrowing, osteophytes 

Figure 1 Radiographs of the patients, patient III-10 (A–D, age 37) and patient II-5 (E–H, age 65). (A and E) Anteroposterior (AP) view of pelvis presented osteoarthritic 
changes including joint spaces narrowing, osteophytes formation and osteosclerosis in bilateral hip joints. Lateral view spine showed significant cervical spondylopathy (B and 
F) and degenerative changes in lumbar spine (C and G). Patient III-10 showed scoliosis in AP view of spine (D) while his father did not (H).
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formation and osteosclerosis. Degenerative changes were 
shown in lumbar spine. Of note, anteroposterior radiograph 
of spine of patient III-10 presented scoliosis which was 
attributed to long-term limping and was not shown in his 
father.

Besides the two patients, a total of 13 members in this 
family were also believed to be affected and 11 were clini-
cally diagnosed with hip osteoarthritis and cervical spondy-
lopathy (Figure 2). There was no difference in height 
between the affected and non-affected members in this 
family. The family members I-1 and II-7 were already dead 
and we were not able to obtain related clinical materials. 
Given the characteristics of the pedigree, the disease clearly 
followed a pattern of autosomal dominant inheritance.

Genetic Analysis
Genomic DNA was extracted from peripheral venous blood 
obtained from each participating individual using standard 
procedures with RBC Lysis Solution, WBC Lysis Solution, 
and Protein Precipitation Solution. DNA for II-5 and III-10 
in this family was sent for whole-exome sequencing (YIN 
FENG GENE, China). Rare variants were filtered in the 
databases of genomic (1000g_all), esp6500siv2_all, 
gnomAD, ExAC and the Chinese Gene Mutation Database 
(CNGMD). Variations were screened according to their 
scores using SIFT, PolyPhen-2 and Mutation Taster soft-
ware. Based on the results of filtering and genetic analysis 
according to phenotype, the heterozygous c.611C>G, p. 
Gly204Ala (G204A) (NM_001844.4) mutation in exon 9 
of COL2A1 was speculated to be the most possible patho-
genic mutation. The p.Gly204Ala mutation was predicted to 
be a detrimental mutation in protein function by SIFT (dele-
terious; score: 0.005), PolyPhen-2 (probably damaging; 
score: 0.998) and Mutation Taster (disease causing; 
score: 1). We then used Sanger sequencing to detect the 
mutation in COL2A1 gene in this family. Primers for 

Sanger sequencing were based on the sequences of exon 9 
of COL2A1 gene. The primer sequences were as follows: 
forward, 5ʹ-GCTGTTGGCTGGGAGAAGAT-3ʹ; reverse, 
5ʹ-TCATCTGCGACACGATGGAG-3ʹ. In total, 13 family 
members (II-1, II-3, II-5, II-6, II-9, II-11, II-13, III-3, III-7, 
III-8, III-10, III-11, III-12) were able to be reached and 
agreed to undergo genetic testing. This heterozygous muta-
tion co-segregated with osteoarthritis phenotype in all 
affected family members by Sanger sequencing (Figure 3). 
Protein sequence alignment of COL2A1 in multiple species 
showed that the glycine at position 204 was highly con-
served (Figure 4).

Discussion
This is a report of the second family with COL2A1 
mutation, c.611C>G, which was related with early- 
onset osteoarthritis. The same mutation site was 
reported in a Caucasian family in Australia by Kannu 
et al.8 and this is the first time that it is observed in 
Mongolians. The appropriate age of early-onset osteoar-
thritis based on literatures is considered to be under 50 
years.9,10 The Australian patients presented with similar 
symptoms including generalized stiffness, pain and 
restricted motion affecting multiple joints.8 Two 
patients received hip replacements at age 23 and 33 
years respectively and one patient underwent an ankle 
arthroscopy at age 16 years.8 Compared with that 
Australian family, none of these Chinese patients has 
received surgeries because of osteoarthritis. It could be 
partly attributed to the Western people more eagerly 
pursuing a higher quality of life. Nevertheless, the 
onset of osteoarthritis started significantly later in the 
Chinese patients. Most of the Australian patients pre-
sented joint stiffness and pain when children and one 
patient recalled that his symptoms appeared at age 3 
years.8 However, in our cases, all patients reported 

Figure 2 Pedigree of the affected Chinese family with early-onset osteoarthritis. Squares represent males and circles represent females. Black shapes represent affected 
family members, white shapes represent healthy members. The arrow indicates the proband (III-10). The shapes with a crossing line indicate that the person has already died.
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clinical symptoms after age 20 years and no one 
reported joint discomfort in their teens. Patients III-7 
and III-8 reported that stiffness of hip joint first 
appeared at age 40 years. Of note, all affected family 
members in the Australian family were also HLA-B27 
positive but Kannu et al. deemed this not to be a risk 
factor predisposing to their arthritis for no sign of 
ankylosis was shown in those patients.8 In addition to 
racial differences, we speculate that HLA-B27 positiv-
ity might contribute to the earlier onset of osteoarthritis.

Type II collagen consists of three homologous α1 pep-
tide chains coded by COL2A1 that twist together in the 
endoplasmic reticulum and Golgi of chondrocytes to form 
a triple helix structure, which integrates into fibril net-
works in the extracellular matrix.11,12 The triple helical 
domain is characterized by about 330 repeated triplets of 
glycine followed by two other amino acids (AAs), consti-
tuting a repeated Gly-X-Y sequence.4 The Gly-X-Y triple- 
helix motif is pivotal for the stable crosslink of α1 peptide 
chain to form functional type II collagen.13 The glycine in 

Figure 3 Sequencing analysis of the partial COL2A1 gene. The heterozygous c.611C>G, p.Gly204Ala mutation in exon 9 of the COL2A1 gene was shown in the affected family 
members (B) but not in the normal family members (A). The mutation site is marked by a filled black square and the mutant codon (GGC to GCC) is circled by a blank 
black square.

Figure 4 Evolutionary conservation of the mutant amino acid residue of COL2A1. Multispecies alignment of COL2A1 orthologs shows that the mutant amino acid, p. 
G204A (marked by a black square), is conserved across species including Human, Gorilla, Chimpanzee, Cow, Chicken, Dog, Pig, Rat, Mouse, Xenopus, Zebrafish and 
Fugu. * indicates positions that have a single and fully conserved residue, : indicates conservation between groups of strongly similar properties, . indicates conservation 
between groups of weakly similar properties.
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every third position of the triple is strictly conserved and 
the replacements of glycine with other AAs will cause 
failure in the structure of type II collagen.4,14 Type II 
collagen is the predominant structural collagen of hyaline 
cartilage. Disturbances of Type II collagen would alter 
fibril structure and interfere with the interactions with 
other extracellular matrix components, thus affecting car-
tilage stability and accelerating the wear of cartilage. 
Therefore, the onset of osteoarthritis occurs at a young 
age . COL2A1 mutations result in various human disorders 
collectively termed type II collagenopathies of which most 
are related to substitution of the triple-helical glycine 
residues.4,15 Glycine substitutions at different sites in 
COL2A1 have been frequently reported to be associated 
with hypochondrogenesis, SEDC, and avascular necrosis 
of the femoral head.7,8 However, for COL2A1-related 
early-onset osteoarthritis, the most common mutation was 
arginine to cysteine (Arg-to-Cys) substitutions.7 The 
changes of glycine elicit structural alterations leading to 
destabilization with more chance of severe phenotypes. 
Compared with this, the Arg-to-Cys substitutions are 
more frequently associated with milder phenotypes.7 

Whereas, Lopponen et al. raised a point that neither muta-
tion sites nor AA substitutions could be regarded as 
a consistent predictor of disease severity.16 We think the 
relationship between genotype and phenotype still needs 
further studies. Our findings merely provide more evi-
dence and information of premature onset of osteoarthritis 
caused by glycine substitution of COL2A1. Though whole- 
exome sequencing has been increasingly used for genetic 
analysis in recent years, it is still out of reach in some 
areas due to technical or economic reasons. For patients 
with hereditary premature osteoarthritis, COL2A1 muta-
tion should be taken into consideration.

In conclusion, this is a report of the second family with 
COL2A1 mutation c.611G>C resulting in early onset of 
degenerative joint disease. Our findings propose that racial 
differences and concomitant HLA-B27 positivity may con-
tribute to earlier occurrence of osteoarthritis. Individuals 
who carry this mutation should be followed up at regular 
intervals and considered for preventive treatment or early 
intervention for osteoarthritis.
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