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Abstract
Pseudoachondroplasia (PSACH) and multiple epiphyseal dysplasia type 1 (MED1) are two rare skeletal disorders caused 
by cartilage oligomeric matrix protein (COMP) variants. This study aims to analyze the genotype and phenotype of patients 
with COMP variants. Clinical information for 14 probands was collected; DNA was extracted from blood for COMP variant 
detection. Clinical manifestations and radiology scoring systems were established to evaluate the severity of each patient’s 
condition. Serum COMP levels in PSACH patients and healthy subjects were measured. Thirty-nine patients were included, 
along with 12 PSACH probands and two MED1 probands. Disproportionate short stature, waddling gait, early-onset osteoar-
thritis and skeletal deformities were the most common features. The height Z-score of PSACH patients correlated negatively 
with age at evaluation (r =  − 0.603, p = 0.01) and the clinical manifestation score (r =  − 0.556, p = 0.039). Over 50% of the 
PSACH patients were overweight/obese. The median serum COMP level in PSACH patients was 16.75 ng/ml, which was 
significantly lower than that in healthy controls (98.53 ng/ml; p < 0.001). The condition of MED1 patients was better than that 
of PSACH patients. Four novel variants of COMP were detected: c.874T>C, c.1123_1134del, c.1531G>A, and c.1576G>T. 
Height Z-scores and serum COMP levels were significantly lower in patients carrying mutations located in calmodulin-like 
domains 6, 7, and 8. As the two phenotypes overlap to different degrees, PSACH and MED1 are suggested to combine to 
produce “spondyloepiphyseal dysplasia, COMP type”. Clinical manifestations and radiology scoring systems, serum COMP 
levels and genotype are important for evaluating patient condition severity.
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Introduction

Pseudoachondroplasia (PSACH, MIM 177170) and mul-
tiple epiphyseal dysplasia type 1 (MED1, MIM 132400) 
are two relatively common osteochondral disorders caused 
by mutations in the gene encoding cartilage oligomeric 
matrix protein (COMP), and both phenotypes are in 
accordance with an autosomal dominant inheritance pat-
tern [1]. Since the identification of the pathogenic gene in 
1995, an increased number of endocrinologists, orthope-
dists and pediatricians have recognized these two disor-
ders [2,3]. Although the prevalence of PSACH and MED1 
worldwide remains unclear, the estimated prevalence of 
PSACH is 1–9/100,000 (www. orpha. net). The typical 
manifestations of PSACH include postnatal linear growth 
retardation, severe short-limbed dwarfism, predominant 
spinal and pelvic deformities, joint laxity or pain, and 
short phalanges and metacarpals, among others, although 
craniofacial development and intelligence are normal [4]. 
The phenotype of MED1 and PSACH overlap to some 
extent. However, the severity of MED1 is less than that of 
PSACH, which is characterized mainly by mild to moder-
ate short stature, waddling gait, necrosis of the femoral 
head and early-onset hip osteoarthritis [5,6].

The gene that encodes COMP, also known as thrombos-
pondin-5, is located at 19p13.11 and has 19 exons, produc-
ing a 757-amino acid polypeptide [7]. The monomer struc-
ture of COMP comprises an N-terminal domain (NTD), four 
epidermal-growth factor-like domains (EGF-like domains, 
also called T2), eight calmodulin-like domains (CLDs, also 
called T3), and a C-terminal domain (CTD) [8]. Five COMP 
monomers aggregate through disulfide bonds to form a pen-
tameric glycoprotein with a molecular weight of 524 kDa 
that localizes to the extracellular matrix [9–11]. The protein 
is abundantly expressed in the chondrocyte extracellular 
matrix and is found in tendons, ligaments, smooth muscle, 
synovium and osteoblasts [12,13]. COMP is a noncollagen-
ous protein that maintains the stability of the cartilage struc-
ture by interacting with other extracellular matrix proteins 
or mediating interactions between chondrocytes and the 
extracellular matrix through integrin and its receptors [8,14]. 
COMP is known to bind to heparin, chondroitin sulfates, 
and heparan sulfate in the presence of calcium [15] and to 
collagen I, II and IX in the presence of zinc [16].

The objective of this study was to analyze clinical, 
anthropometrical, biochemical, radiological, genetic 
and therapeutic data for patients with short stature from 
14 families, including 12 probands with PSACH and 2 
probands with MED1. Clinical manifestation and radiol-
ogy scoring systems were initially established to evaluate 
the severity of the phenotypes. In addition, we report four 
novel variants of COMP, expanding the mutation profile.

Materials and Methods

Subjects

Fourteen patients were admitted to our hospital mainly 
because of short stature or waddling gait. Family history, 
clinical information, and biochemical and radiological data 
of all these patients were collected. Peripheral blood and 
serum from patients as well as some of their family members 
were collected for analysis; serum was also obtained from 
sex- and age-matched healthy controls. All subjects signed 
the informed consent form. The study was performed with 
the approval of the Ethics Committee of Peking Union Medi-
cal College Hospital (JS-1689).

Evaluation Standard of Anthropometric Data

Z-scores of height, weight and body mass index (BMI) were 
calculated according to “growth charts for Chinese children 
and adolescents aged 0 to 18 years” [17,18].

Biochemical Assessment

Serum phosphorus, calcium, alkaline phosphatase (ALP), 
total 25-hydroxyl vitamin D (25OHD), C-terminal cross-
linking telopeptide of type I collagen (β-CTX), growth hor-
mone (GH) and insulin-like growth factor 1 (IGF-1) levels 
were measured using automated analyzers. The Kidney 
Disease Outcomes Quality Initiative (KDOQI) guideline 
was used as the reference for serum phosphorus and cal-
cium in patients below 18 years of age [19]; the β-CTX level 
each of these patients was measured, and further evaluated 
based on sex- and age-specific reference ranges [20]. The 
serum of 10 patients with PSACH and 10 healthy subjects 
was collected and stored at − 80 °C for further assessment 
of COMP levels using a Quantikine® ELISA Human COMP 
Immunoassay Kit (DCMP0, R&D Systems, USA) accord-
ing to the manufacturer's protocol and a microplate reader 
set to 450 nm, with 562 nm as the correction wavelength. 
The reference range of serum samples from donors without 
a medical history was 66.8–409 ng/ml. Each sample was 
assayed in duplicate.

Scoring Systems of Clinical Manifestations 
and Radiological Characteristics

To evaluate the severity of the disorder, clinical and radio-
logical scoring systems were established according to the 
specific clinical manifestations and radiological character-
istics of patients with COMP gene variants. The evaluation 
dimensions in the clinical scoring system included 18 key 
items, such as waddling gait, growth retardation, joint laxity, 

http://www.orpha.net
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osteoarticular pain, and skeletal deformities (Supplemen-
tary Materials Table 1). The radiological scoring system 
focused on 12 key features, including abnormal shape of 
the vertebrae, brachydactyly, scoliosis, and lumbar lordo-
sis (Supplementary Materials Table 2). Some dimensions 
were assigned a score of 0 or 1, with 0 representing patients 
without the characteristic and 1 representing those with the 
characteristic. Other dimensions were assigned a score of 0, 
1 or 2, with 0 representing patients without the character-
istics and 1 and 2 representing mild and severe manifesta-
tions, respectively. The converted score, was the actual score 
divided by the total score, multiplied by 100. The clinical 
and radiological scores were evaluated by two experienced 
clinicians and radiologists, respectively, and the final aver-
age score was calculated. The intraclass correlation coef-
ficient (ICC) of clinical and radiological scoring systems 
were 0.921 (p < 0.001) and 0.962 (p < 0.001), respectively.

DNA Extraction and COMP Gene Sequencing

A QIAamp DNA Mini Kit (51304, QIAGEN, Germany) was 
used to extract DNA from 200 µl peripheral blood. Genomic 
DNA from the proband of every family was amplified by 
polymerase chain reaction (PCR) to detect variants in exons 
8 to 19 of the COMP gene. The reference sequence of the 
COMP gene was NM_000095.3, as provided by the National 
Center for Biotechnology Information (NCBI). Information 
for the primers used to amplify COMP is shown in Sup-
plementary Materials Table 3. The total PCR volume was 
20 µl, including 10 µl of 2 × Taq PCR Master Mix, 6 µl of 
double-distilled water, 2 µl of genomic DNA, and 1 µl of 
forward and reverse primers (10 µmol/l). The PCR amplifi-
cation was as follows: 94 °C for 4 min; 35 cycles at 94 °C for 
30 s, appropriate annealing temperatures for 30 s and 72 °C 
for 1 min; and one cycle at 72 °C for 4 min followed by stor-
age at 4 °C. The same site of the COMP gene in each family 
member was verified based on the results for the proband.

Statistical Analysis

Statistical analysis was performed using SPSS version 25.0. 
The Shapiro–Wilk test was employed to assess the normal-
ity of the data. Normally distributed data are presented 
as the mean ± standard deviation (M ± SD); nonnormally 
distributed data are described as the median (interquartile 
range, IQR). For two groups of normally distributed data, 
an independent-sample t test was used to determine differ-
ences between two groups. Pearson or Spearman correla-
tion analysis was applied to determine correlation between 
two parameters. p < 0.05 indicated a significantly statistical 
difference.

Results

General Characteristics of the Patients in the Cohort

The cohort included 39 patients from 14 families with clini-
cal or genetic diagnosis, among whom 20 patients had a 
definitive genetic diagnosis. The ratio of males to females 
was 0.77, with 17 males and 22 females. The mean age of 
first clinical manifestations occurred at 1.62 ± 0.80 years for 
13 probands, and the median age at diagnosis was 8.15 years 
[IQR 4.38–13.75 years old (y.o.), n = 14]. Eight families 
had a history of short stature, accounting for 57.1% (8/14). 
Detailed pedigrees of these 14 families were shown in Fig. 1 
of Supplementary Materials. There were 22 patients with 
PSACH (including 12 probands) and 17 patients (including 2 
probands) with the MED1 phenotype.

Clinical Manifestations of Patients with COMP 
Variants

For PSACH patients with available data, the mean birth 
weight was 3.20 ± 0.66 kg (n = 8), and the mean birth length 
was 50.00 ± 0.89 cm (n = 6). Three patients were born by 
cesarean section because of the small pelvis of their PSACH 
mother. All patients with PSACH (n = 13) had short stature, 
growth retardation, waddling gait, long and tubular bones 
that were short, genu varum or valgum, and bracelet and 
anklet signs. Other common manifestations such as lumbar 
lordosis, kyphosis, joint laxity, osteoarthropathy, scoliosis 
were listed in Table 1. Only two patients had atlantoaxial dis-
location and hip dislocation. However, none of the patients 
exhibited craniofacial malformation, mental retardation or 
dental dysplasia. Two patients with MED1 were prepubertal 

Table 1  Proportions of vital clinical manifestations in PSACH 
patients

Clinical manifestation Proportion 
(affected 
cases/N)

Waddling gait 100.0% (13/13)
Short long and tubular bones 100.0% (13/13)
Genu varum/valgum 100.0% (13/13)
Bracelet/anklet sign 100.0% (13/13)
Lumbar lordosis and kyphosis 92.3% (12/13)
Thoracic deformity 88.9% (8/9)
Joint laxity 62.5% (5/8)
Short neck 46.2% (6/13)
Osteoarthropathy 38.5% (5/13)
Scoliosis 38.5% (5/13)
Weakness 30.8% (4/13)
Joint dislocation 15.4% (2/13)
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males with the main manifestations of waddling gait, short 
stature and mild skeletal abnormalities. One MED1 patient 
had osteoarticular pain, short neck, kyphosis and brachydac-
tyly, and the other presented with mild short limbs and lim-
ited carpal joint movement without other skeletal deformity. 
Among the 13 patients with PSACH, there was no corre-
lation between the clinical manifestation score and age at 
evaluation (Spearman analysis, r = 0.362, p = 0.224).

Anthropometric Data of Patients with COMP 
Variants

For 18 patients with PSACH, the mean Z-score of height 
was − 8.06 ± 3.62. The height Z-scores of males and females 
were − 6.38 ± 3.80 (n = 7) and − 9.13 ± 3.22 (n = 11), 
respectively (p = 0.119; Fig. 1A). The Z-scores of height 
were − 5.89 ± 2.49 (n = 10) for individuals below 18 y.o. 
and − 10.77 ± 2.95 (n = 8) for adults, and the difference 
was 4.88 (95% confidence interval 2.16–7.59, p = 0.002; 
Fig. 1B). Absolute height and its Z-score of adult PSACH 
patients were listed in Table 2. Furthermore, there was a 
negative correlation between the height Z-score and age at 
evaluation in 17 patients with PSACH (Pearson analysis, 
r =  − 0.603, p = 0.01; Fig. 1C). Overall, height impairment 

was not severe in the MED1 patients, with the height 
Z-scores of two patients being − 2.01 and − 0.50. Moreover, 
in some of the PSACH and MED1 patients, the Z-score of 
height correlated negatively with the clinical manifestation 
score (Pearson analysis, n = 14, r =  − 0.556, p = 0.039), but 
there was no correlation between the Z-score of height and 
the radiology score (Spearman analysis, n = 12, r =  − 0.266, 
p = 0.404). Regarding other anthropometric parameters for 
PSACH patients with available data, the ratio of arm span 
to height was 0.88 ± 0.03 (n = 5), and the median weight 
Z-score was − 2.25 (IQR − 2.78 to − 0.96, n = 12). The mean 
BMI of 12 of the patients with PSACH was 21.24 ± 5.36 kg/
m2, with a Z-score of 1.51 ± 1.72. According to the Z-score 
of BMI, the proportions of individuals with underweight, 
normal weight, overweight and obese statuses accounted for 
8.3% (1/12), 33.3% (4/12), 33.3% (4/12) and 25.0% (3/12), 
respectively.

Biochemical Parameters and the Level of Serum 
COMP

In total, 38.5% (5/13) of the patients had a diagnosis of 
vitamin D deficiency (a total 25OHD level < 20 ng/ml). 
Nonetheless, the levels of calcium, phosphorus, alkaline 

Fig. 1  Evaluation of height and correlation analysis among age, 
height Z-score, clinical manifestation score and radiology score in 
patients with PSACH. A and B The difference in height Z-scores in 

PSACH patients by sex and age. C Correlation analysis between age 
at evaluation and height Z-score in 17 PSACH patients. PSACH pseu-
doachondroplasia. **p = 0.01

Table 2  Height and its Z-score 
of adult PSACH patients

M male, F female, PSACH pseudoachondroplasia, NA not available
*Proband in family 9 is a 16 years old female, whose epiphysis has closed, #proband’s father was died in 
42 years old

Patient Gender Age (years old) Height (cm) Height Z-score

Proband in family 6 M 30 130.0  − 7.08
Proband’s mother in family 10 F 27 95.3  − 12.17
Proband’s mother in family 11 F 40 95.0  − 12.22
Proband in family 12 F 24 127.1  − 6.24
Proband’s mother in family 2 F 25 110.0  − 9.43
Proband’s mother in family 8 F 21 80.0  − 15.02
Proband in family 9 F 16* 95.0  − 11.94
Proband’s father in family 9 M NA# 100.0  − 12.05
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phosphatase, parathyroid hormone, β-CTX, glucose, lipid, 
hepatic and renal functions were almost within the normal 
ranges matched to age and sex. One patient with PSACH was 
diagnosed with GH deficiency, with a peak level of 3.55 ng/
ml and an IGF-1 level of 214 ng/ml (Z-score 1.04).

The level of serum COMP in the PSACH patients was 
significantly lower than that in the control group, with medi-
ans of 16.75 ng/ml (IQR 1.83–23.48 ng/ml) and 98.53 ng/
ml (IQR 63.70–162.03 ng/ml) (p < 0.001; Fig. 2A). Serum 
COMP levels in the PSACH and control groups were 
13.43 ± 10.07 ng/ml and 108.88 ± 63.60 ng/ml, respectively, 
in the minors group (p = 0.027) and 17.36 ± 17.31 ng/ml and 
150.14 ± 121.20 ng/ml (p = 0.042), respectively, in adults 
(Fig. 2B). However, in both the PSACH (p = 0.673) and con-
trol (p = 0.519) groups, there were no significant differences 
in COMP levels between adults and individuals under 18 
y.o. (Fig. 2B). Moreover, there were no correlations between 
serum COMP level and Z-scores of height (r = 0.166, 
p = 0.669) or BMI (r =  − 0.074, p = 0.889) in the patients 
with PSACH, and biochemical markers, including Ca, P, 
ALP, β-CTX, and 25OHD, showed no correlations with 
serum COMP in PSACH patients (Supplementary Materi-
als Table 4). Similarly, no correlation between COMP levels 
and the clinical manifestation score (r = 0.189, p = 0.685) or 
radiology score (r = 0.616, p = 0.193) were detected.

Radiological Characteristics of Patients with COMP 
Variants

The X-ray results of 11 patients with PSACH showed that 
the most common features were deformities of the spine, 
vertebrae, acetabulum and metaphysis of the long and tubu-
lar bones (Fig. 3A–G). Only 60% (6/10) of the PSACH 
patients had scoliosis. The exact proportions of the radio-
logical characteristics of the PSACH patients are listed in 
Table 3. The classic vertebral abnormalities were anterior 
and posterior vertebral flattening, with beak-shaped or trans-
verse vase-like vertebrae, but this feature was not observed 

in all patients with PSACH. Some of the vertebrae showed 
posterior flattening or superior and inferior depression. In 
general, the radiological features of the MED1 patients were 
milder than those of the PSACH patients. The X-ray for one 
of the MED1 patients indicated only an irregular acetabu-
lum and an irregular and small femoral neck, and the other 
MED1 patient had an atypical irregular acetabulum, slight 
scoliosis, and mild disorganized and expansive metaphysis 
of the long bone (Fig. 3H–L); neither patient had brachydac-
tyly. Eight patients, including one with MED1, underwent 
bone age assessment, and 62.5% (5/8) had a delayed bone 
age.

Summary of COMP Variants

Twelve heterozygous variants of the COMP gene, including 
four novel variants, were detected in 14 families (Table 4). 
There were 10 missense mutations and two deletions, and 
all variants were located from exons 8 to 14, correspond-
ing to the T3 and CTD domains. The proportion of de 
novo mutations was 41.7% (5/12). Among the variants, 
c.1417_1419delGAC was the hotspot variant, as detected 
in three families.

The PSACH patients were divided into group 1 (vari-
ants in T3-6, T3-7 and T3-8) and group 2 (variants in T3-1, 
T3-2 and CTD) according to the COMP domain in which 
the mutation occurs. The median height Z-score of group 
1 was significantly lower than that of group 2, at − 7.64 
(IQR − 11.94 to − 6.72) and − 3.08 (IQR − 7.47 to − 2.21), 
respectively (p = 0.02; Fig. 4A). Moreover, the level of serum 
COMP in group 1 was 3.08 ng/ml (IQR 0.96–15.39 ng/ml), 
which was significantly lower than that in group 2 (25.21 ng/
ml, IQR 21.17–37.91 ng/ml) (p = 0.005; Fig. 4B).

Treatment and Prognosis

With regard to treatment, two patients with PSACH accepted 
recombinant human growth hormone (rhGH) therapy, but 

Fig. 2  Results and correlation analysis of serum COMP levels in 
patients with PSACH. A Serum COMP levels were significantly dif-
ferent between patients with PSACH (n = 10) and healthy controls 
(n = 10). B Stratified by age and regardless of age, the serum COMP 

levels of PSACH patients were lower than those of healthy controls, 
but there was no significant difference between adults and individu-
als under 18 years of age among PSACH patients or healthy controls. 
PSACH pseudoachondroplasia. *p < 0.05, ***p < 0.001
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the efficacy was not ideal. One patient was injected with 
rhGH for 8 months but had no obvious height gain. The 
other patient, whose IGF-1 was above the mean level of the 
normal reference, was diagnosed with GH deficiency and 
accepted rhGH therapy for a year; the growth velocity of 
this patient increased from 2.5 cm/year to 5.5 cm/year, but 
rhGH was later withdrawn due to aggravation caused by 
lower-limb bending. One PSACH patient was treated with 
atlantoaxial fixation. Three PSACH patients underwent 
orthopedic surgery for two lower limbs: the height of one 
adult female patient improved from 127 cm to 137 cm, and 

the genu varus of the other two children improved, with gait 
becoming stable.

Discussion

PSACH and MED1, two phenotypes caused by COMP 
gene variants, are characterized by varying degrees of 
linear growth retardation and skeletal deformities [21]. 
To date, research on these two disorders has focused 
mainly on gene variants, pathogenic mechanisms, clinical 

Fig. 3  Typical features of X-rays of PSACH and MED1. A–G are 
X-rays of PSACH patients. A Proband in family 11, M/10.5 years old, 
lumbar lordosis, kyphosis, cuppy sign of the front rib and beak-like 
vertebrae. B Proband in family 3, M/4 years old, parentheses sign of 
rib in anteroposterior spine X-ray, and beak-like vertebrae in lateral 
spine X-ray. C Proband in family 1, M/4.67 years old, scoliosis, irreg-
ular and small femoral head and irregular acetabulum. D Proband in 
family 11, M/10.5 years old, severe disorganization and expansion of 
metaphysis of long bones. E Proband in family 12, F/24  years old, 

inclination of articular surface in long bone. F Proband in family 6, 
M/30 years old, brachydactyly and inclination of articular surface in 
carpal joint. G Proband in family 11, M/10.5 years old, brachydactyly 
and disorganization and expansion of metaphysis of long bones. H–
L are X-rays of the MED1 proband from family 5, M/7.1 years old, 
slight scoliosis and lordosis in lumbar spine, anterior edge of verte-
brae flattened in T11–L5, and mild disorganization of metaphysis of 
in lower extremities. PSACH pseudoachondroplasia, MED1 multiple 
epiphyseal dysplasia type 1, M male, F female
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phenotypes (in case reports), and novel therapeutic inter-
ventions [22–24]. In contrast, few researchers have paid 
attention to anthropometric parameters such as the BMI 
of patients with COMP variants or have analyzed relation-
ships between genotype and phenotype in detail. There-
fore, this study recruited 14 probands, evaluated in detail 
the severity of their clinical manifestations and radiologi-
cal characteristics by using two scoring systems, meas-
ured serum COMP levels, identified COMP variants and 
explored correlations among those items.

Several basic studies have shown that Comp-null mice 
in which the Comp gene has been knocked out exhibit no 
abnormalities in anatomy, histology or ultrastructure, and 
there are no clinical manifestations associated with PSACH 
or MED1 [25]. Nonetheless, mutant Comp mice including 
T585M-knock in and D469del-knock in mice have typical 
phenotypes, such as hip dysplasia and articular cartilage ero-
sion, suggesting that COMP variants have dominant negative 
effects that result in the phenotype of PSACH [26,27]. Vari-
ants of COMP occur mainly in the T3 domain, interfering 
with COMP binding to calcium ions and protein folding. The 
mutant product accumulates in the endoplasmic reticulum 
(ER) of chondrocytes in the growth plate, leading to abnor-
mal chondrocytes in a state of inflammation and oxidative 
stress, eventually resulting in early death of these cells and 
impairment of linear growth in long bones [23]. Moreover, 
DNA damage inducible transcript 3 (DDIT3, also known 
as CHOP) is a transcription factor related to ER stress and 
can promote chondrocyte apoptosis [28,29]. The pathogenic 
mechanism of COMP variants in CTD is slightly different; 
that is, mutant COMP does not accumulate in the ER, but the 
unfolded protein and cell stress response promote a reduc-
tion in chondrocyte proliferation and an increase in apoptosis 
[26]. Interfering with the formation and assembly of other 
extracellular matrix proteins, including collagen, aggrecan, 
fibronectin and matrilin, is another pathogenic mechanism 
of mutant COMP [8].

Most patients harboring COMP variants are mostly born 
with a normal appearance and birth length and weight, 
regardless of the PSACH or MED1 phenotype [4]. Although 
the proportion of patients with a positive family history for 

Table 3  Proportions of specific radiological characteristics in 11 
PSACH patients

Characteristics of radiology Proportion 
(affected 
cases/N)

Irregular acetabulum 100% (10/10)
Irregular and small femoral head 100% (10/10)
Disorganization and expansion of metaphysis of long 

bone
100% (11/11)

Abnormal shape of vertebrae 100% (11/11)
Sacrum kyphosis 100% (11/11)
Parentheses sign of rib 100% (9/9)
Brachydactyly 100% (11/11)
Short metatarsal bones 100% (11/11)
Inclination of articular surface in long bone 100% (9/9)
Lumbar lordosis 90.9% (10/11)
Cuppy sign of the front rib 90.0% (9/10)
Scoliosis 60.0% (6/10)

Table 4  Summary of COMP gene variants

T3 calmodulin-like domain, CTD C-terminal domain, PSACH pseudoachondroplasia, MED1 multiple epiphyseal dysplasia, type 1
The four variants of the COMP gene in bold were novel variants. Affected cases were all patients with a genetic or clinical diagnosis

Family ID Affected cases Phenotype Nucleotide change Protein change Type of mutation Exon Domain

1 4 PSACH c.805G>A p.D269N Missense 8 T3-1
2 2 PSACH c.874T>C p.C292R Missense 9 T3-1
3 1 PSACH c.925G>A p.G309R Missense 9 T3-2
4 15 MED1 c.1123_1134delATC 

GAC GGC GAC 
p.D374_G377del Deletion 10 T3-4

5 1 MED1 c.1222G>T p.D408Y Missense 11 T3-5
6 1 PSACH c.1317C>G p.D439E Missense 12 T3-6
7 1 PSACH c.1417_1419delGAC p.D469del Deletion 13 T3-7
8 2 PSACH c.1417_1419delGAC p.D469del Deletion 13 T3-7
9 3 PSACH c.1417_1419delGAC p.D469del Deletion 13 T3-7
10 2 PSACH c.1526A>T p.D509V Missense 14 T3-8
11 2 PSACH c.1531G>A p.D511N Missense 14 T3-8
12 2 PSACH c.1552G>A p.D518N Missense 14 T3-8
13 1 PSACH c.1576G>T p.V526F Missense 14 T3-8
14 2 PSACH c.1585A>G p.T529A Missense 14 CTD
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these two disorders in the whole population is unknown, it 
was over 50% in the current cohort, which can be explained 
by selection bias. In addition, the onset age was approxi-
mately 1.5 years in this cohort, although the median age 
of definitive diagnosis was approximately 8 years, with a 
6.5-year delay. The three most common chief complaints 
are linear growth retardation, waddling gait and bending 
of the lower limbs. The prominent clinical manifestations 
of PSACH are disproportionate short stature accompanied 
by severe skeletal deformities, including lumbar lordosis, 
sacrum kyphosis, genu valgum/varum; shortened long bones 
and tubular bones; and even joint dislocation [30]. Overall, 
the clinical characteristics of MED1 patients include mainly 
mild-to-moderate short stature and early-onset arthritis [31], 
especially in the hip [32], and skeletal deformities are milder 
than those of PSACH patients, even without notable skeletal 
deformities [30].

Regarding height, PSACH patients can be extremely 
short. In this cohort, the mean Z-score was − 8.06, and 
the height of the adult patients was more severely affected 
than that of the minors. The final adult height of PSACH is 
always less than 142 cm [33], but a height of 155 cm was 
reached in male patients [34]. It is worth mentioning that the 
height Z-score of PSACH correlates significantly negatively 
with age at evaluation and the clinical manifestation score, 
which indicates that the height of these individuals continues 
to fall behind that of their peers as they grow older and that 
the more severe the clinical manifestation is, the greater the 
height impairment. Compared with that of PSACH patients, 
the height of MED1 patients is less impaired, with the final 
adult height usually being over 150 cm [33]. Over half of 
the PSACH patients in this cohort appeared to be overweight 
or obese, which might be related to a reduction in activity 
ability and shorter duration of activity due to the lessened 
ability to engage in it or due to the influence and regulation 
of COMP in adipose tissue. A murine study found that accu-
mulation of mutant COMP protein in cells can upregulate 
the expression of miR-223, interfering with the balance of 

adipogenesis and osteogenesis and reducing bone mineral 
density, bone mass, bone mechanical strength and subchon-
dral bone thickness [35]. Thus, it is necessary to pay atten-
tion to problems such as obesity and metabolism in patients 
with COMP variants in the long term.

In PSACH patients, biochemical markers, especially 
bone metabolic markers, are usually within the normal 
range, although some have vitamin D deficiency. Although 
measurement of serum COMP levels is an effective way 
to differentiate PSACH patients, it has not been applied in 
clinical practice to date. In general, circulating COMP lev-
els of PSACH and MED1 patients are significantly lower 
than those in the normal population [33,36,37]. Mabuchi 
et al. reported that the plasma COMP levels of patients with 
COMP variants, including PSACH and MED1 phenotypes, 
were significantly lower than those of control subjects; 
there was no difference in plasma COMP levels between 
PSACH and MED1, but among patients with MED, the 
plasma COMP level was higher in those with COMP vari-
ants than in those without COMP variants [33]. It has been 
proposed that as the level of mutant COMP accumulation 
in the ER increases, the level of COMP released into the 
circulation decreases, leading to a more severe patient con-
dition. Thus, correlations between serum COMP levels and 
important parameters, including Z-scores of height and BMI, 
the clinical manifestation score and radiological score, were 
analyzed, but showed no significant correlations.

The X-ray features of PSACH indicate that almost all 
bones, except for the skull, are affected [38], and the changes 
mainly include cup-shaped changes in both ends of the ribs 
on chest plain film, lumbar lordosis, kyphosis, scoliosis, 
vertebra double-convex deformation and a corresponding 
widening of the intervertebral space on spine lateral film, 
a small pelvis, irregular acetabular margin, shortening of 
long tubular bones, metaphyseal dilation and structural dis-
orders, and articular surface inclination. The X-ray charac-
teristics of MED1 are not as severe as those of PSACH, with 
the main features of late ossifying and irregular epiphyses, 

Fig. 4  Differences in height and serum COMP levels in PSACH 
patients carrying different variants. PSACH patients were divided 
into two groups according to the domains in which the mutations 
occurred, with group 1 including mutations in domains T3-6, T3-7 
and T3-8 and group 2 including mutations in domains T3-1, T3-2 

and the CTD. A The height Z-score in group 1 was lower than that in 
group 2. B The serum COMP level of group 1 was significantly lower 
than that of group 2. PSACH pseudoachondroplasia, T3 calmodulin-
like domain, CTD C-terminal domain. *p < 0.05, **p < 0.01
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brachydactyly, and short metacarpals being evident with 
MED1; however, disorganization of the metaphysis in long 
bones is not as common in MED1 [5]. Moreover, the inci-
dence of spinal involvement in MED1 is notably low, and 
the shape of the vertebrae and spinal curvature are usually 
normal [39]. Despite little value in predicting the height 
impairment of patients, the radiological scoring system may 
be helpful for differentiating PSACH and MED1. Unfortu-
nately, there is no related research evaluating bone mineral 
density or bone microarchitecture in these patients. How-
ever, an animal study showed that the bone mineral density 
of the femur, trabecular number, trabecular thickness, corti-
cal thickness and mechanical properties of Comp-mutant 
mice were lower than those of wild-type mice [35]. The 
long-term bone health condition of patients deserves further 
attention.

In this study, 12 COMP gene variants were detected in 14 
affected families, including 4 novel variants. The percentage 
of de novo variants in this cohort reached 41.7%. Kennedy 
et al. reported that at least 22% of individuals with COMP 
pathogenic variants carry de novo mutations [40], while 
other literature reports a rate of 70–80% [24]. The hotspot 
variant is c.1417_1419delGAC (p.Asp473del), accounting 
for 16–30% of all cases worldwide [1,3,37]. Briggs sum-
marized 300 types of COMP variants and found that mis-
sense variants in the T3-6/7/8 domains are significantly 
associated with the PSACH phenotype and that missense 
variants in the T3-4/5 domains are significantly associated 
with the MED1 phenotype [1]. Based on this, variants in 
our cohort were divided into the T3-6/7/8 group and T3-1/2/
CTD group. Both the height Z-score and serum COMP level 
were lower in the former than in the latter, indicating that 
the condition of the patients with COMP T3-6/7/8 domain 
variants might be more severe. COMP is the only pathogenic 
gene for PSACH known to date; it accounts for 50% of the 
etiologies of multiple epiphyseal dysplasia [41], and other 
pathogenic genes causing multiple epiphyseal dysplasia 
include COL9A1, COL9A2, COL9A3, SLC26A2, CANT1 
and MATN3 [12,42]. Because it is difficult to distinguish 
mild PSACH from severe MED1 and considering that both 
are caused by COMP variants and show overlap in clinical 
phenotype, these two phenotypes might be combined and 
termed “spondyloepiphyseal dysplasia, COMP type”.

At present, treatment for patients with COMP variants is 
limited and involves mainly symptomatic treatment. rhGH 
injection does not seem to be the ideal therapy for PSACH 
patients; indeed, in this study, one patient showed no height 
gain after rhGH therapy, and the other withdrew from rhGH 
therapy due to worsened bending of the lower limbs. As 
early as 2003, Kanazawa et al. reported that rhGH does not 
improve the height or growth rate effectively in patients with 
PSACH, although the levels of IGF-1 in PSACH patients 
significantly improved [43]. Moreover, rhGH therapy can 

promote bone growth but can also result in adverse events 
such as worsened kyphosis and lumbar lordosis due to weak 
ligaments and matrix, which cannot support muscle tonus 
or withstand the effects of gravity [43]. Thus, rhGH therapy 
is not recommended for patients with PSACH. Analgesics 
may be used for patients with joint pain, and some patients 
undergo functional reconstruction operations, such as hip or 
knee replacement and lower-limb orthopedic surgery. Novel 
and potential therapies for PSACH include anti-inflamma-
tory/antioxidant drugs such as aspirin and resveratrol, anti-
sense oligonucleotides, and even gene therapy via a knock-
down approach [24,44].

The strengths of this study are as follows. Clinical mani-
festation and radiological scoring systems for disorders 
with COMP variants are proposed for the first time. The 
BMI of these patients was also considered, and attention 
should be given to the long-term metabolic function of these 
patients. Moreover, the levels of serum COMP in patients 
with PSACH were measured and compared with those in 
healthy controls, and further correlations with anthropomet-
ric parameters, bone metabolic markers, and clinical and 
radiological scores were analyzed. In addition, four novel 
variants were identified, and the relationship between phe-
notype and genotype was explored. However, there are also 
some limitations. First, the number of cases was limited, 
and this was especially so for the MED1 cases, the number 
of which was insufficient for distinguishing the two pheno-
types by means of the scoring systems. Second, the clinical 
manifestation and radiological scoring systems are still in 
the initial stage of application, and the scoring items and 
algorithms need to be improved. Third, at present, the meas-
urement of serum COMP has been used only for scientific 
research and has not been widely applied in clinical practice. 
Finally, there is no further study on the metabolism, bone 
mineral density, bone microarchitecture or body composition 
of these patients.

In conclusion, patients with COMP variants are charac-
terized by short stature with skeletal deformities and osteo-
arthropathy to different degrees. Scoring systems of clinical 
manifestations and radiology, serum COMP level detection 
and the domain in which the mutation is located may be 
helpful to evaluate the severity of a patient's condition. Four 
novel COMP gene variants were identified in this cohort, 
involving the phenotypes of PSACH and MED1. Overall, 
PSACH and MED1 are suggested to combine to produce 
“spondyloepiphyseal dysplasia, COMP type”. Current thera-
pies for these patients are limited, and new therapies need to 
be developed for clinical application.
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