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INTRODUCTION

The camptodactyly–arthropathy–coxa-vara–pericarditis 

syndrome (CACP) is a rare autosomal recessive condition 

characterized by early onset camptodactyly, 

noninflammatory arthropathy with synovial hyperplasia, and 

progressive coxa vara deformity (MIM # 208250). The 

syndrome was first reported in the late seventies [1,2] and it 

is in 1999 that Proteoglycan 4 gene (PRG4; OMIM: 604283) 

was implicated in the disease [3]. To this date, only 8 

genetics studies on CACP were published in the scientific 

literature. Our recent work on 11 unrelated families is one of 

the largest CACP cohort analyzed [4]. With this mini-

review, we aim to recapitulate the genetic and phenotypic 

findings from our recent paper as well as available scientific 

literature to date. 

PATIENT PHENOTYPES AND FAMILY 

CHARACTERISTICS 

Demographic 

At the time of this review, most of the published cases are 

from regions or countries where the consanguinity rate is 

high. Indeed, CACP being a rare and recessive disease it is 

more prevalent in inbred families. For example, ten of the 

eleven families presented in our study were from southeast 

region of Turkey where rates of consanguineous marriage 

are high, and nine of families are reported to be 

consanguineous. Likewise, most of the previous published 

cases are from countries such as Saudi Arabia, United Arab 

Emirates, Egypt and Pakistan where consanguinity rates are 

high [4-7]. 

Gender difference 

Several reports have observed an over-representation of 

male CACP patients. However, there is not enough evidence 

to conclude with the number of samples available to date [4]. 

Symptoms and (mis)-diagnosis 

Camptodactyly of the hands represents the earliest symptom 

appearing during the first weeks or months of life, while the 

wrists represent the first large joints affected in early 

childhood period [4,6,8-10]. The report of coxa vara varies 

with studies reporting figures between 50% and 90% of 

CACP patients. All of patients in our study presented coxa 

vara and broad and short femoral neck as most distinct 

radiological findings. Two patients from family 2 and one 

patient from family 3 had pericarditis. In addition, four 

patients had MVP and MR on echocardiography consistent 

with the numbers reports by others [11]. 

CACP is a rare disease with symptoms common to 

Rheumatologic disorders. Indeed, sixteen of our patients 

were referred for genetic evaluation with the initial diagnosis 

of JIA and only 17% (6 of 35) of our patients were 

diagnosed before 5 years of age. The misdiagnose and 

unnecessary treatment with anti-inflammatory drugs has 

been frequently noticed among authors [11,12]. 

GENOTYPE AND PHENOTYPE ANALYSES 

PRG4 mutation landscape 

Our genomic and molecular screening identified 6 frame 

shift mutations, 2 nonsense mutations, and the 1st case of 

homozygous deletion of exon 1. Among the 27 mutations 

reported in the literature since 1993 [3], 15 are frame shift 

mutations, 4 stop codons, and 1 splice site acceptor. Our 

study brings the total number of disease‐causing mutations 

from 25 to 38. The higher number of mutations observed on 

exon 6 does not seem to represent a mutation hotspot with 

the number of cases published so far  
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(binominal test p=0.86). However, there seems to be a 

significantly higher number of mutations in the regions not 

involved in alternative splicing (binominal test p=0.046). 

This would support the idea that CACP appears when there 

is not any functional PRG4 protein left. Finally, only 2 

mutations among the 38 have been described as escaping the 

nonsense‐mediated mRNA decay (NMD) system [3,4]. 

Dysfunctional or absent PRG4 protein? 

Based on CACP mutation profiles, several authors 

previously stipulated that the syndrome is due to a complete 

lack of the protein PRG4 [6,8,13]. In addition, studies using 

an antibody against the C‐terminal and N‐terminal of PRG4 

protein showed its absence in CACP patient's synovial fluid, 

while it was detected in sample patients with rheumatoid 

arthritis and osteoarthritis [14].  It has also been shown that 

the synovial fluid from patients with CACP lack lubricating 

properties [15].  

Also, one CACP family with a dinucleotide transversion 

(4190CC→AG) creating a nonsense codon on the last exon 

has been reported [3]. In vitro experiments have shown that 

this mutated protein, which is not degraded by NMD [16,17] 

does not undergo the normal process of SPC‐mediated 

cleavage within the PEX domain [18]. This would mean that 

PRG4 protein is nonfunctional but present as a truncated 

form [19-21]. In our cohort, we report three siblings with 

homozygous p.Y1367X (c.4101C>G) mutation predicted to 

escape the NMD. We did not observe any significant 

phenotypic difference compared to the rest of the families 

with deleterious mutations predicted to activate NMD [4]. 

CACP has been described as a clinically variable but 

genetically homogenous disease [4,9] and the disease inter- 

and intra-familial variability had been repetitively described 

by authors, without any emerging consensus on the origins 

of such variability. 

CACP disease progress with time 

We confirmed a significant correlation between the age of 

the patient and the number of clinical features [4]. This 

increase in symptoms is likely due to cumulative mechanical 

stress over time [22,23]. Differences in mechanical stress 

between individuals may explain part of the intrafamilial 

variability. Indeed, we observe that for family 1, the 

accumulation of skeletal features was proportional to the age 

of the patient. For other families there was more variability 

in Phenoscore (a score counting the number of skeletal 

symptoms), even though a positive correlation existed. 

Location and nature of the PRG4 mutations 

Even though we observe a trend in a majority of our cohort, 

the first reported symptoms among individuals remain 

variable. This is true for individuals within the same family 

as well as between families [4,6,8-10]. Moreover, for a 

similar age, the nature and severity of skeletal features are 

also variable between patients. For example, for the same 

age, the skeletal findings were more numerous, but milder in 

family 2 compared to family 1. However, we did not find 

any correlation between the location or the type of the 

mutation and the outcome. 

Non-sense mediated decay system (NMD) 

It has been reported that the NMD efficiency is variable 

between individuals and that difference of efficiency could 

explain some interindividual variabilities in phenotypes [24]. 

Studies in mice have supported this hypothesis [25]. 

Importantly, premature termination codons (PTCs) that are 

unable to trigger NMD can cause dominantly inherited 

forms of the disease, as for example, β‐thalassemia [26,27]. 
Besides the first methionine codon, PRG4 contains Met55 

on exon 2, 13 methionine codons on exon 6, and 1 in exon 8. 

Unfortunately, it is currently not possible to predict which 

mRNA will trigger or escape NMD based on the sequence 

features only [28]. Future studies aiming to study (NMD) 

system efficiently on CACP patients’ samples could help 

define the importance of this mechanism in CACP patients’ 

phenotype variability. 

Modifier genes 

We observed several extra clinical features present in our 

CACP patients. Approximately 20% of patients with CACP 

also had pericarditis, which was not associated with age, 

gender, or mutation type or localization. This prone the idea 

of modifier genes. Indeed, the presence of additional 

variants (common or rare; ubiquitous or tissue specific) 

could fine tune the traits produced by the malfunction of 

PRG4 protein or account for the extra skeletal feature 

present in a minority of CACP patients. Indeed, 80% of the 

families are consanguineous, and the probability of 

accumulating homozygous genomic mutations is therefore 

higher than in the general population. Modern genomic 

studies have shown that “seemingly” monogenic diseases 

phenotype is fine-tuned by modifier genes [29,30]. For 

example, cystic fibrosis is an example of an autosomal 

recessive disease showing a very complex association 

between genotype and clinical phenotype. Indeed, it is not 

possible to predict individual outcome based on cystic 

fibrosis transmembrane regulator gene (CFTR; OMIM: 

602421) genotype only. The expression of the disease is 

influenced by various factors that make phenotype 

variability extend along a wide spectrum [28]. Among the 

patients in our cohort with exome sequencing information, 

we searched for co-concurrent mutations in genes that may 

be linked to PRG4 or its pathways (hyaluronan synthase 1: 

HAS1; OMIM: 601463; aggrecan: ACAN; OMIM: 155760). 

With limited number of data and samples we present here, it 

is not possible to draw any conclusion about secondary 

mutations and the analyses in our 2018 paper were purely 

exploratory by nature. 
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CONCLUSION 

CACP is a disorder that effects large and small joints, 

progress with the age of the patient and shows intra‐ and 
interfamilial clinical variations. The interfamilial 

variabilities as well as CACP's nonskeletal features do not 

seem to correlate with age, gender, ethnicity, and geographic 

localization. CACP appears when both copies of PRG4 are 

dysfunctional. However, the total absence of PRG4 protein 

might not require leading to the disease. Larger cohorts with 

extensive clinical data and exome sequencing methods could 

elucidate the wide clinical variability. 
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