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Abstract

Calcification of Joints and Arteries (CALJA) is a rare disease that leads to chronic arthritis and lower limb claudication
due to hydroxyapatite crystal deposition. The disease is caused by mutations in the 5-nucleotidase (NTSE) gene, which is
responsible for pyrophosphate metabolism. Only 23 cases have been described so far. In this case report, we describe a new
case of CALJA and provide a literature review. A 65-year-old woman was referred to the Rheumatology Unit with the diag-
nosis of seronegative oligo-arthritis. She complained of lower limb claudication, which was becoming progressively worse.
Doppler ultrasound revealed bilateral obliteration of the popliteal and femoral arteries, and X-rays of the knees, hands, and
feet showed extensive periarticular calcific deposits. The results of the NT5E gene analysis were positive for an inactivating
variant, leading to the diagnosis of CALJA. The clinical features of CALJA are caused by hydroxyapatite crystal deposition
at the periarticular and vascular levels due to abnormalities of pyrophosphate metabolism. Currently, no specific treatment
is available, although a trial on the use of etidronate is ongoing. Patients with CALJA are often treated with immunosup-
pressant agents in the suspect of inflammatory rheumatologic diseases. Our case is the first in which clinical symptoms and
a steady increase of inflammatory markers improved only after colchicine therapy initiation. It is crucial for the rheumatolo-
gist to recognize the features CALJA and keep it in mind in the differential diagnosis of patients with lower limb arterial
insufficiency and arthritis or early osteoarthritis with joint calcification.
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Introduction

Hereditary ectopic mineralization disorders are a group of
four diseases caused by mutations of genes involved in inor-
ganic pyrophosphate (PPi) metabolism [1, 2]. These include
Pseudoxanthoma elasticum (PXE), Generalized Arterial
Calcification of Infancy (GACI), Familial Idiopathic Basal
Ganglia Calcification (IBGC), and Calcification of Joints
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and Arteries (CALJA) [3-5]. The latter, also known as Arte-
rial Calcification due to Deficiency of Cluster of Differentia-
tion 73 (CD73) (ACDC), is an autosomal recessive disease
that typically manifests in adulthood. Loss-of-function muta-
tions of the ecto-5"-nucleotidase (NT5SE), encoding CD73,
lead to increased activity of non-tissue specific alkaline
phosphatase (TNAP and decreased PPi, a potent minerali-
zation inhibitor [6]. The feature of the disease is periarticular
deposition of hydroxyapatite crystals almost limited to the
arteries of the lower limbs and the small joints of hands
and feet, resulting in arthritis, early-onset osteoarthritis, and
intermittent claudication of the lower limbs [2, 7-9]. Patients
are often misdiagnosed as having rheumatoid arthritis or
seronegative spondyloarthritis due to the rarity of CALJA.
Therefore, rheumatologists should consider this disease in
the differential diagnosis of seronegative arthritis to avoid
incorrect treatment [8]. To date there are no therapies for
this condition [10, 11].
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We described a case of a CALJA patient with a persistent
high level of inflammatory markers before administration
of colchicine. We also carried out a comprehensive review
of the available literature on the disease. Medline databases
(PubMed) were searched using the following keywords:
“Calcification of Joints and Arteries,” “CALJA,” “Arterial
Calcification due to the Deficiency of CD73,” “ACDC,”
“NT5E mutations,” and “Heritable Ectopic Mineralization
Disorders.” Informed consent was obtained from all indi-
vidual participants included in the study. We included all
articles published in English language since the first descrip-
tion of CALJA in 2011. Thirty-nine articles were retrieved
as pertinent to the object of this paper.

Case Presentation

In May 2022, a 65-year-old Caucasian woman previously
diagnosed with seronegative oligo-arthritis was referred to
the Rare Bone Diseases Clinic of the University Hospital of
Pisa. She had been experiencing lower limb pain while walk-
ing for several months, which had rapidly worsened, extend-
ing to both calves and right thigh, limiting her ability to walk
to a maximum of two hundred meters. These symptoms had
not been present before. At physical examination, peripheral
pulse was not detectable at lower limbs, and ankle-brachial
index was reduced. Since adolescence, she had suffered
of recurrent migrant asymmetrical non-erosive arthritis
of hands, wrists, feet, ankles, and knees, in the absence of
radiological signs of microcrystalline arthritis. The arthritis
episodes did not involve more than two joints at the same
time, and they usually lasted from weeks to months, with
mild swelling and pain, which was detected during several
physical examinations. At the time, articular X-rays were
negative, whereas articular ultrasound was never performed.
Laboratory findings over time revealed slightly increased
erythrocyte sedimentation rate and C-reactive protein, even
in the absence of joints inflammation (Fig. 1). Rheumatoid
factor, anti-citrullinated peptide antibodies, anti-nuclear
antibodies, HLA-B27, and Lyme disease serological test
were normal or negative, as well as lipid profile, glyce-
mia, complete blood count, creatinine, liver enzymes, and
calcium-phosphorus metabolism. Her parents were second
cousins, and her medical history was unremarkable. At the
age of 20 years, the diagnosis of seronegative oligo-arthritis
was made; the symptoms did not resolve with chronic glu-
cocorticoid and immunosuppressant therapy. The pattern of
articular involvement remained unchanged during the next
20 years.

In May 2022, an arterial color Doppler ultrasound
showed chronic obliteration of superficial femoral, pos-
terior, and anterior tibial and lateral plantar arteries bilat-
erally. X-rays of hands and feet revealed the presence of
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articular and periarticular new calcific deposits suggestive
for hydroxyapatite crystals (Fig. 2); X-rays of the knees
revealed extensive calcifications of the femoral and popliteal
arteries, which were never documented before (Fig. 2). Arte-
rial color Doppler ultrasound of upper limbs and abdominal
vessels were negative. Therefore, CALJA was suspected.
Genetic analysis revealed a mutation of the ecto-5’-nu-
cleotidase gene (NT5E), specifically a novel homozygous
variant NM_002526.3:¢.751+1G>A, thereby confirming
the clinical suspicion of CALJA (Fig. 3). This variant is
not reported in Genome Aggregation Database (gnomAD
exome) nor in the mutation databases (HGMD, ClinVar,
LOVD3). The variant is predicted to be likely pathogenic,
based on ACMG guidelines for genomic variant classifica-
tion [12]. Moreover, a likely pathogenic variant has been
described in the adjacent splice site (c.751+2T>C, LOVD
Variant #000721128). We applied clinical exome sequenc-
ing NextSeq 550 Dx (Illumina) platform, using the TruSight
One Expanded Sequencing Panel (Illumina). The sequencing
achieved good coverage of the target regions (98.8% aver-
age total coverage at 20x) with average depth 291.6X. Vari-
ant annotation was performed with QIAGEN CLC Genom
ics Workbench; variant prioritization was performed with
QIAGEN Clinical Insights. Sanger sequencing validated
the findings. Genetic investigation was not performed in the
patient’s relatives due to the absence of similar symptoms.
The patient was then treated with colchicine 1 mg per
day, which ameliorated articular symptoms and normalized
inflammatory markers (Fig. 1), and aspirin 100 mg; however,
lower limb claudication was unaffected, but the patient is
not currently eligible for surgical revascularization. To our
knowledge, this represents the fifth case of CALJA to be
described in an Italian patient, after those published by St.
Hilaire et al. and Avruscio et al. [7, 13]. This is the first case
in which a steady increase of inflammatory markers was doc-
umented, and in which a significant improvement of articu-
lar symptoms and a normalization of inflammatory markers
after initiation of colchicine treatment were described.

Discussion

The genetic and molecular basis of CALJA was first reported
by St Hilaire et al. in 2011 [7, 14]. However, seven case
reports published between 1912 and 1992 [15-19] described
patients with symptoms compatible with CALJA, but genetic
testing was not performed. A patient with intermediate clini-
cal features between pseudoxanthoma elasticum (PXE) and
CALIJA was described in the absence of NTSE mutations [20].

To the best of our knowledge, 23 patients (6 males and
17 females) with a confirmed NT5E mutation have been
reported since 2011 (Table 1). The prevalence has been
estimated to be approximately 1/2.500.000 in the East
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Fig. 1 Trends in the values of
inflammatory markers before
and after colchicine treatment,
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Asian population for the homozygous variant of NT5E
NM_002526: ¢.3G>C (p.Met1?) [14]. However, according
to Ichikawa et al., CALJA may be more frequent in Asian
populations [8].

Alterations in the mechanisms regulating the calcification
processes, e.g., mutations in the enzymes involved in the
metabolism of PPi [1, 3, 21], can result in heterotopic cal-
cifications and lead to the “ectopic mineralization diseases”
[3, 11, 22, 23]. CALJA is an autosomal recessive disease
caused by mutations in the NT5E gene, which encodes for
the glycosylphosphatidylinositol-linked plasma membrane
ectoenzyme CD73 [3, 24]. To date, 8 different genetic vari-
ants have been described [14, 25]. The transmembrane pro-
tein CD73 is expressed by stromal cells, endothelial cells,
and lymphocytes and catalyzes the hydrolysis of adenosine
monophosphate to adenosine and inorganic phosphate (Pi)
[6-8]. Adenosine normally inhibits tissue non-specific

alkaline phosphatase (TNAP), which catalyzes the hydroly-
sis of PPi to Pi. Mutations in the NTSE gene increase TNAP
activity, reducing PPi [26] and causing mineralization at
ectopic sites [7]. However, the pathogenesis of CALJA is
still unclear, as mouse models do not fully replicate human
pathophysiology [27-30].

As in our patient, articular manifestations often appear
during adolescence [2, 7, 8] and include intermittent mono-
arthritis and early of small and large joints due to the for-
mation of periarticular calcifications [1, 2, 8, 14] mainly
composed of hydroxyapatite or calcium phosphate crystals
and, to a minimal extent, of calcium pyrophosphate crystals,
as demonstrated by Cudrici et al. [2].

Among the 23 patients, 16 (70%) had joint pain related
to periarticular calcifications which may regress over time
[1;2]. Axial involvement has been described in the form of
multiple osteophytes, syndesmophytes, intervertebral space
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Fig.2 Multiple periarticular calcifications of hands and feet and calcification of the popliteal arteries
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Fig.3 Novel heterozygous NT5E mutation c¢.7514+1G>A. Partial DNA sequences of NT5E exon 3 showing the presence of the variant in a
homozygous state. Sequence analysis (forward and reverse strand are shown)
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Table 1 Demographics and clinical characteristics of patients with CALJA. AVS aortic valve stenosis, AC articular calcifications, IC claudicatio
intermittens, UEAC upper extremities arteries calcifications, RP Raynaud phenomenon

Case report Year Country Patients Age Male Female Exon NTSE variant Symptoms
St. Hilaire 2011 USA 5 44-54 2 3 3 €.662>A homozygous IC, AC

St. Hilaire 2011 Italy 3 68-73 0 3 5 ¢.1073G>A homozygous AC,IC

St. Hilaire 2011 USA 1 44 0 1 9,3 ¢.1609dupA, ¢.662C>A heterozygous 1C

Ichikawa 2015 Japan 1 54 0 1 1,2 ¢.3G>C heterozygous, ¢.373G>C heterozygous IC, AC
Zhang 2015 China 2 26-30 1 1 7,8 ¢.1360G>A, ¢.1387C>T heterozygous AC, UEAC
De Nijs 2016 Netherlands 1 42 1 0 intron 3 ¢.751+2T>C homozygous IC, AC
Yoshioka 2017 Japan 1 66 1 0 1 ¢.3G>C homozygous (speculated) IC, AC, UEAC
Azuma 2020 Japan 3 70-80 1 2 1 ¢.3G>C homozygous IC, AC, none
Azuma 2020 Japan 2 74-81 0 2 1 ¢.3G>C homozygous IC, AVS, AC
Avruscio 2020 Italy 1 47 0 1 9 ¢.1608dupA homozygous IC, AC,RP
Uchida 2022 Japan 2 T71-77 0 2 1 ¢.3G>C homozygous IC, AC, AVS
Maffi 2023 Italy 1 65 0 1 intron 3 ¢.751+1G>A homozygous IC, AC

reduction, disc calcifications, and anterior and posterior lon-
gitudinal ligament calcification [2]. Although 2 cases (9%)
of involvement of upper limb arteries are reported [18, 28,
31], the disease usually affects the arteries of the lower limbs,
probably due to the distribution of the adenosine receptors [7]
or due to the protective role of CD73 against the mechanical
stress [30]. The most affected districts in CALJA are the iliac,
femoral, tibial, and popliteal arteries [32].

Natural history is characterized by insidious progres-
sion of vascular symptoms such as intermittent claudica-
tion, reduction of the ankle-brachial index, and appearance
of ischemic ulcers [14, 28] or aneurysmal dilatations [2,
33]. The most important complication of the disease is the
occlusion of calcified arteries [9]. Twenty (87%) out of the
23 patients with CALJA reported intermittent claudication.
Typically, the trunk and coronary arteries are spared [2, 7,
13]; however, 4 cases (17%) with late-onset calcific aortic
stenosis have been recently described [14, 33]. The latter
finding may be related to a possible association between
CD73 deletion with calcific valve stenosis [34]. Further-
more, some NT5E polymorphisms seemed to contribute
to the pathogenesis of calcific valves [25]. In one case, the
presence of Raynaud’s phenomenon was reported [13].

Given the rarity of the disease, there are no defined diag-
nostic criteria. The clinical suspicion is suggested by the
appearance of microcrystalline arthritis or early osteoarthri-
tis in association with evidence of lower limb ischemia [2].
The rheumatologist is often the first specialist to evaluate
these patients [2], but there is usually a delay in the diagno-
sis. In fact, among the 23 patients described, the mean age
at diagnosis was 59 years.

In CALJA, laboratory findings are typically normal [2, 7].
An increase in inflammatory markers could be observed dur-
ing episodes of arthritis, with normal values during the inter-
critical phases [2]. In our patient, however, they remained
persistently high over the years. To our knowledge, this is

the first case of CALJA in which a constant increase in ESR
and CRP has been recorded.

Plain radiographs of hands and feet show periarticular
calcifications with features of hydroxyapatite crystals [1, 9].
At the knee level, it is also possible to appreciate widespread
vascular calcifications which, especially in young subjects,
should lead to suspicion of the disease. Axial involvement
with ligamentous calcification and bone bridging has been
described in some patients; therefore, evaluation by X-rays
of the spine is recommended. The radiological features may
resemble DISH, however without fulfilling its criteria [2].

Peripheral arterial insufficiency can be evaluated by the
ankle-brachial index and by eco-color Doppler of lower limb
arteries. CT angiography can show the extent of vascular
calcifications [7, 14, 35]. The diagnosis is confirmed by
genetic analysis [20].

Arthritis is usually responsive to treatment with non-
steroidal anti-inflammatory drugs or low-dose glucocorti-
coids [2, 8]. On the other hand, there is no therapy that can
reduce arterial and joint calcifications in CALJA [10;30];
vascular involvement is irreversible, and often these patients
undergo bypass surgery [1, 7, 14]. In our patient, treatment
with colchicine was effective in reducing inflammatory
markers and articular symptoms. This finding might sug-
gest a role for colchicine in reducing the number of epi-
sodes of hydroxyapatite arthritis and, in line with what has
been reported in some recent studies, could reduce vascular
inflammation and thus also be used in cardiovascular preven-
tion in patients with CALJA [36-38].

The main studies that have investigated strategies to
reduce the size of calcifications focus on the use of intra-
venous etidronate in the context of GACI and PXE [10, 11,
39], which has been shown to be effective in the treatment
of GACI [7, 11, 26, 40, 41]. Currently, a trial on the effi-
cacy and safety of using etidronate in CALJA is ongoing
(NCTO01585402; last update 04 October 2022).
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Dietary calcium and magnesium supplementation have
been proven to be poorly effective on ectopic mineralization
in mouse models of PXE. [10, 42].

Methotrexate, which can increase the levels of extracel-
lular adenosine [43], has not proven to be effective in the
treatment of CALJA [2], including the present case.

Other therapies, e.g., sodium thiosulfate and 4-phe-
nylbutyrate, have been proposed, but currently are being
investigated only in the context of PXE, GACI, and IBGC
[5,7,10, 11].

We described the case of a 65-year-old female patient
with CALJA who had been previously diagnosed with
seronegative oligo-arthritis. CALJA is a rare autosomal
recessive mineralization disorder characterized by the
deposition of calcium phosphate crystals in periarticular
sites and arterial walls of the lower limbs. In our patient,
the administration of colchicine permitted a complete
relief of articular symptoms and the normalization of
inflammatory markers. Although it is extremely rare,
knowledge of this disease helps rheumatologists in the
differential diagnosis of arthritis and can contribute to
a better understanding of the pathogenetic mechanisms
underlying mineralization.
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