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Heterozygous missense mutations in COPA, encoding coatomer protein subunit alpha (COPA), cause an
interferonopathy mainly associating lung, joint and kidney involvement. This rare autoinflammatory dis-
ease is characterised by variable expression and a remarkably high frequency of clinical non-penetrance.
Lung features, predominantly chronic diffuse alveolar haemorrhage (DAH), are observed in almost

Keywords: patients and can result in end-stage respiratory insufficiency. The initially described phenotype was
/C\OPA_ f . broadened to include isolated DAH or lupus nephritis. Rare manifestations reminiscent of other mono-
ln‘iteczlfgr;?matmn genic interferonopathies occur. This indicates the need for careful clinical evaluation in patients with

suspicion or diagnosis of COPA syndrome. Considering the dominant inheritance model and the highly
variable phenotype, ranging from severe multi-organic disorder to non-penetrance, a careful family
screening is recommended. New insights in disease pathogenesis have linked COPA mutations to STING-
mediated interferon signalling. Beside a variable efficacy of ‘classical’ immunosuppressive drugs, Janus
kinase (JAK) inhibitors constitute a promising treatment in COPA syndrome, and further targeted thera-
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pies are awaited.

© 2020 Published by Elsevier Masson SAS on behalf of Société francaise de rhumatologie.

1. Introduction

Autoinflammation is a rapidly evolving field, as evidenced by
the identification of more than 50 new monogenic autoinflam-
matory diseases (AIDs) in the last 10 years [1,2]. The concept of
autoinflammation is now part of a pathophysiological continuum
between immunodeficiency, autoimmunity and autoinflammation,
and AlIDs are currently classified as primary immune deficiencies.
The phenotypic spectrum of AIDs has progressively expanded from
predominantly mono-organic diseases to systemic multi-organic
disorders. AIDs onset is mainly reported to occur in childhood how-
ever adult forms have been also described [3,4].

Heterozygous mutations in COPA, encoding coatomer protein
subunit alpha, were described in 2015 to cause a hereditary inflam-
matory syndrome predominantly associating lung, kidney and joint
involvement [5]. This disease is rare, most commonly beginning in
childhood, but is possibly under-diagnosed in adult onset, asymp-
tomatic or mono-organic forms. COPA is part of a complex involved
in intracellular trafficking of cargo proteins, and underlying
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pathophysiology of COPA syndrome has gained insights in the last
years and was recently linked to interferon (IFN) signalling.

Here, we provide an overview of COPA syndrome, and describe
new insights in disease pathogenesis, various phenotypic presen-
tations, key investigations for diagnosis process and therapeutic
perspectives.

2. Genetics

Heterozygous mutations in COPA are inherited as an autosomal
dominant trait. COPA (NC.000001.11) is located on chromosome
1g23.2 and counts 33 exons (54 kb). To date, 10 missense substitut-
ions have been reported to be associated with COPA syndrome in
a total of 17 families worldwide (Fig. 1 and Table 1). All of them
are located in the WD40 domain of the protein (mostly in the
WD5 and WD6 domains) involved in COPA ability to bind cargo
proteins (see Section 4). One mutation, c.698G>A p.Arg233His
accounts for 41% of the reported cases (Fig. 1). Of note, a high clin-
ical non-penetrance-around 25% - is observed in COPA syndrome
as asymptomatic adult carriers have been described (Table 2).
Although this is not uncommon in autosomal dominant inher-
ited disorders and is observed in other monogenic IFN-related AID
(e.g. due to gain-of-function mutations in IFIH1 encoding MDA5
[6]), this suggests that additional environmental and/or genetic or
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Exons 8-9

| Coatomer WD40-associated region | I COOH

p.K230N 1 (USA), 6, 1

p.R233H 8 (USA, Italy, France), 25, 5°

p.W240R 1 (USA), 1,0

p.D243G 1 (USA), 7, 4
p.D243N 1 (UK), 2,1

E241A 1 (USA), 2, 0

1224

"p.R281W 1 (Germany), 2, 1

p.W240L 1 (Germany), 1,0 i 'p.E241K 2 (USA, Iceland), 11, 3

p.W240S 1 (Germany), 1,0’

Fig. 1. Schematic representation of COPA protein highlighting the WD40 repeat domain, the coatomer WD40-associated region, and the coatomer C-terminal region. COPA
exons 8-9 encode the WD5 and WD6 repeat domains where are located most of the mutations. The reported mutations are listed with respectively the number of identified
families (country), reported individuals carrying the mutation, and asymptomatic carriers.

Table 1
Summary of the reported COPA (NM 001098398) substitutions.
Exon Mutation name (cDNA) Mutation name (protein) Mutation abbreviated name References
Exon c.690G>T p.Lys230Asn p.K230N Watkin et al., 2015
8 c.698G>A p.Arg233His p.R233H Watkin et al., 2015
Volpi et al., 2017
Boulisfane-El Khalifi et al., 2019
Taveira-DaSilva et al., 2019
Krutske et al., 2019
Frémond et al., 2020
Lepelley et al., 2020
Exon c.718T>C* p.-Trp240Arg p.W240R Noorelahi et al., 2018
9 c.719G>T p.Trp240Leu p.W240L Prenzel et al., 2020
c.719G>C p.Trp240Ser p.-W240S Prenzel et al., 2020
c.721G>A p.Glu241Lys p.E241K Watkin et al., 2015
Jensson et al., 2017
c.722A>C p.Glu241Ala p.E241A Patwardhan and Spencer 2019
c.727G>A p.Asp243Asn p.D243 N Lepelley et al., 2020
c.728A>G p.Asp243Gly p.D243G Taveira-DaSilva et al., 2019
c.841C>T p-Arg281Trp p.R281W Prenzel et al., 2020

*This cDNA mutation name is a deduction from the protein mutation name reported in Noorelahi et al., 2018.

epigenetic factors are necessary for clinical disease to manifest [7].
COPA-associated substitutions are described to act as dominant-
negative mutations [5,8].

3. Phenotype

COPA syndrome is a rare disease (less than 60 patients reported
sofar)and is characterized by variable expression and possible non-
penetrance [5,8-15]. Although the reported age at presentation is
usually before 5 years [5,9-13], adult onset has been documented
in a few patients.

Following clinical pictures are the most seen:

e recurrent diffuse alveolar haemorrhage (DAH);

e DAH and/or interstitial lung disease (ILD) associated with arthritis
and positive antibodies such as rheumatoid factor (RF) or antineu-
trophil cytoplasmic antibody (ANCA);

e apparently isolated lupus-like nephropathy;

e apparently isolated polyarticular juvenile idiopathic arthritis
(JIA) with antibodies-in particular with early onset and/or
uncommon severity and/or response to treatment.

A summary of the characteristics of COPA patients described in
the literature is provided in Table 2.

3.1. Lung phenotype

Almost all symptomatic individuals present with lung fea-
tures, predominantly chronic DAH. ILD with no DAH can also be
observed, both presentations eventually resulting in pulmonary
fibrosis and end-stage respiratory insufficiency in some cases. At
diagnosis, COPA lung disease is usually associated with extra-
pulmonary manifestations, joint involvement being the second
most observed phenotype. However, a severe lung restricted form
of COPA syndrome has also been reported [16]. Clinical presenta-
tion usually associates chronic cough, tachypnoea on exertion or
at rest. As recurrent fever and cough are observed concomitantly,
and haemoptysis is rare in children, patients are commonly misdi-
agnosed since recurrent pneumonias diagnosis is evocated before
DAH. Poor weigh gain or failure to thrive is also a common sign
to all causes of chronic respiratory insufficiency. Lung examination
may highlight retractions, crackles, and signs of hypoxia such as
cyanosis or clubbing. Rarely, thoracic deformation including pectus
excavatum [15] has been reported and may be incidentally present
but can also be related to chronic retractions.

Radiological pattern, documented by chest high resolution CT-
scan can highlight DAH signs such as predominant patchy ground
glass opacities and focal alveolar condensations. Signs of chronic
ILD with more diffuse ground glass opacities, septal thickening,
reticulations as well as sub-pleural or parenchymal traction cysts,
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Fig. 2. High resolution chest CT-scan and lung biopsy of a patient carrying the COPA p.D233H mutation. High resolution chest CT-scan at age 4: Patchy diffuse abnormalities
(ground glass opacifications and alveolar opacities). There is no predominant localisation with central and peripheral lesions in the whole lungs. The aspect is consistent
with an alveolar haemorrhage. (B) Same patient at age 12: Patchy diffuse dense ground glass opacities consistent with an alveolar bleeding recurrence. Appearance of
infracentimetric intraparenchymal cysts in the upper lungs and reticulations in favor of a fibrosis evolution. (C) Surgical lung biopsy at age 4. Hematoxylin & eosin staining
shows a heterogeneous repartition of the lesions with haemosiderin-laden macrophages (siderophages) filling the alveolar spaces and no sign of lung fibrosis.

honeycombing lesions and alveolar distortion indicating a lung
fibrosis evolution (Fig. 2A&B). In some cases, chest CT-scan can
remain normal in asymptomatic patients and/or between DAH
flares.

Blood gas and overnight oxygen record can highlight hypoxia at
rest, especially if the patients are anaemic due to alveolar bleed-
ing. Pulmonary function tests are non-specific and usually display
arestrictive pattern with gas diffusion impairment.

Bronchoalveolar lavage can confirm the DAH while document-
ing a light pink to bloody sample related to haemoglobin-laden
macrophages—called siderophages. Apart from DAH, bronchoal-
veolar lavage can also reveal an alveolitis, usually with elevated
lymphocytes ratio, or either be normal, especially if realised in a
preserved area of the lung.

The lung histopathological features so far documented in COPA
syndrome comprise non-specific features of DAH, and/or fibrosing
ILD. DAH lesions are constituted by siderophages — that appear to
be blue after Pearls staining - filling the alveoli. The lesions are
usually heterogeneous with preserved areas of lung parenchyma
(Fig. 2C). Interstitial lesions are also unspecific (thickening of the
alveolar walls, alveolar distortion, alveolitis, fibrosis). Some lesions
are more specific of COPA syndrome such as lymphoid follicles
with germinal-centre organisation, infiltrating T-cells and capil-
laritis with neutrophils within the alveolar septa. Of note, because
of the heterogeneity of the lesions, a very small lung sample can
appear to be normal.

3.2. Joint involvement

Joint involvement is frequent in COPA syndrome, observed in
almost 75% of patients. Arthritis mainly occurs in the early teen
years but earlier onset even before the age of 5 years is also recorded
[9,11,17]. Arthritis affects predominantly the knees and the inter-
phalangeal joints of the hands, being mostly polyarticular, and is
usually associated with autoantibodies (antinuclear and ANCA, and
RF). In children, arthritis resembles polyarticular JIA and can be
severe as reported by Volpi et al. with an involvement of the cervi-
cal spine responsible for vertebrae fusion [11]. Other patients suffer
from disabling joint pain. Positivity for RF was recorded in almost
two thirds of COPA patients tested, most of them presenting with

arthritis (Table 2). This suggests that RF could be a useful diagnostic
marker of COPA syndrome, especially in childhood, during which
RF+ polyarticular JIA rarely occurs [18]. Of interest, rheumatoid
nodules have been described in one child with RF+ polyarticular JIA
[17], a phenotype reminiscent of adult rheumatoid arthritis [ 18]. Of
note, four COPA patients with arthritis [5,10,17] displayed high or
middle levels of anti-cyclic citrullinated peptide (CPP) antibodies
that have been previously associated with joint destruction [19].
Osteonecrosis and severe erosive bone lesions have been docu-
mented in several patients [5,11,13].

3.3. Renal involvement

A glomerular pathology has been recorded in almost half of
COPA patients [9]. The renal pattern observed in patients varies
in type but can be severe, as emphasised by the requirement for a
kidney transplant in two COPA patients [5,20]. Lupus-like nephri-
tis and IgA nephropathy have been reported [5,20]. Of importance,
one clinically asymptomatic individual - screened for familial
living donor kidney transplantation - suffered from chronic pro-
teinuria related to a membranous glomerulonephrititis [20]. This
indicates the need for careful renal investigation in patients with
suspicion or diagnosis of COPA syndrome (see Section 5.1). Histo-
logical findings documented focal segmental glomerulosclerosis,
membranous glomerulonephritis, crescentic glomerulonephritis,
immune complex deposits (IgA, IgM, IgG, Clq, C3, C4).

Non-immune-related kidney involvement has been described
in one family [13] with nephrolithiasis and renal carcinoma in a
patient and her father, respectively.

3.4. Others organ involvement

Along with the description of new cases, the recognised phe-
notype of COPA syndrome has subsequently broadened to include
(Table 2): autoimmune thyroiditis [5]; hepatitis [8]; skin features:
vitiligo [8], unspecific polymorphicrash[10]; neurological features:
paroxysmal exertional dyskinesia [5], neuromyelitis optica [13],
disruptive behaviour disorder [15]; macrophagic activation syn-
drome [8]; GERD [8]; cardiac hypertrophy [8].Itis possible that such
organ involvement may be more common signs of COPA syndrome,
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Table 2
Characteristics of the 59% COPA patients reported in the literature.

General characteristics

Last status, n (%) Alive: 58 (98)
Sex-ratio
All patients 26:33(0.8)
Asymptomatic carriers 7:5(1.4)

Clinical characteristics of the 45 (76%) symptomatic individuals

Median clinical onset®, y (range) 7 (0.5-56)°
Onset before 5y, n (%) 26/41 (65)¢
Thoracic involvement, n (%) 43 (96)

ILD 28/33 (85)

Acute haemorrhage 15/33%(45)
Lung fibrosis Reported in
few patients
extensively
described/explored
Pectus excavatum 1(NA)
Joint involvement, n (%)
Arthritis 30(67)
Arthralgia without arthritis 3(7)
Systemic involvement, n (%)
Recurrent Fevers 2 (NA)
Systemic inflammation 12/24 (50)
Kidney involvement, n (%) 9/19 (47)
Immune-related GN 7/19 (37)
Non-immune kidney involvement (nephrolithiasis, 2/19(11)
renal carcinoma)
Skin involvement, n
Vitiligo 1
Skin rash (suspicion of erythema multiforme) 1
Nervous system involvement, n
Paroxysmal exertional dyskinesia 2
Neuromyelitis optica 1
Disruptive behaviour disorder 1
Other symptoms
MAS, hepatitis, cardiac hypertrophy, severe GERD, NA
delayed puberty, autoimmune thyroiditis
Autoantibodies
ANA 28/40
Anti-DNA 0/23
ANCA® 23/36
RF 20/33
Treatments and procedures
Steroids 31/41
DMARDs 21/24
Biologics’ 9/24
Response to conventional IS Inconstant
JAK1/2, JAK1/3 inhibitors 4/42
Kidney transplantation 2/42
Lung transplantation 4/42

Abbreviations: ANA: antinuclear antibodies; ANCA: antineutrophil cytoplasmic
antibodies; anti-DNA: anti-double-stranded DNA antibodies; DMARD: disease-
modifying antirheumatic drugs; GERD: gastro-esophageal reflux disease; GN:
glomerulonephritis; IgA: immunoglobulin A; ILD: Interstitial lung disease; IS:
immunosuppression; JAK: Janus kinase; MAS: macrophage activation syndrome;
NA: not assessed; n: number; RF: rheumatoid factor; y: year. *Diffuse alveolar
haemorrhage diagnosed by a large number of hemosiderin-laden macrophages in
bronchoalveolar lavage, at least in two patients.

2 [5,8-17,20,31,42]. The patients diagnosed through screening of chILD cohorts
and for whom detailed clinical pictures are not available are not included in the
present literature of patients [43].

b The age at onset was assessed only for symptomatic carriers.

¢ Not recorded for seven patients.

4 Not recorded for four patients.

¢ With specificity against MPO in four patients and against MPO and PR3 in one
individual.

f Including anti-CD20, anti-TNF, anti-CTLA4, and anti-IL6 receptor monoclonal
antibodies.

together with the description of new features. This also indicates
the need for careful clinical evaluation in the case of suspicion
or diagnosis of COPA syndrome, including skin and neurological
examination. Of interest, some of these rare manifestations overlap
with well-described monogenic interferonopathies [21].

4. Pathophysiology

Coat protein subunit alpha is part of the coatomer protein com-
plex I (COPI) that is described to play a role in retrograde transport
of proteins between the Golgi and the endoplasmic reticulum
(ER) [22,23]. Of interest, all of the substitutions reported so far in
COPA are located in the WD40 domain that is described to ensure
the recognition of the cargo proteins through their dilysine motif
[22,24]. However, the pathophysiological mechanisms underlying
the mutant COPA-associated phenotype were not properly under-
stood until recent insights in IFN induction due to mutations in
COPA.

4.1. ER stress and Th17 response

Evidence of ER stress and priming of a T helper 17 (Th17)
response were reported in the context of mutant COPA protein and
in patient-derived cells [5], so that COPA syndrome was considered
as an autoimmune disorder. A murine model of COPA (see also Sec-
tion 4.3) highlighted a defect in thymic selection of T cells leading
to increased autoreactive T cells and decreased regulatory T cells,
both of which mediated autoimmunity [25]. Of note, high titres
of autoantibodies are frequently-albeit not necessarily-recorded
when tested in patients (Table 2). Of further interest, none patient
presented double-stranded DNA (dsDNA) antibodies, a hallmark of
systemic erythematosus lupus.

4.2. Interferon pathway activation

In2017, Volpi et al. described an increased transcription of inter-
feron (IFN) stimulated genes (ISGs) in blood circulating cells of five
COPA patients [11], further confirmed by a second report from our
team [16]. There is an obvious clinical overlap between COPA syn-
drome and a recognised IFN-mediated AID (belonging to the group
of type I interferonopathies) due to gain-of-function in STING1
encoding STING, a key adaptor of the cytoplasmic DNA signalling.
This disease referred to SAVI (STING-associated vasculopathy with
onset in infancy) can also associate ILD, joint involvement and
haemorrhagic alveolitis [26]. Of interest then, STING is an ER-
resident protein and its signalling implies trafficking from the ER
to the Golgi to induce IFN production. A recent published work
has provided important evidence further implicating enhanced
IFN signalling in COPA syndrome pathogenesis [8]. The authors
demonstrated that mutations in COPA induced STING-dependent
signalling and an enhanced trafficking of STING to the Golgi, and
detected an indirect interaction between STING and COPA. This was
further confirmed by the data of three groups [27-30]-in particu-
lar, indicating a possible binding adaptor protein between STING
and COPA. Taken together, these data indicate that COPA syndrome
represents a monogenic interferonopathy, in light of the continuum
between autoimmunity and autoinflammation in AIDs.

4.3. Mouse model

A murine model of COPA syndrome has been generated and
studied in two works from the same group [28,25]. The germline
knock-in mutant mice carry a missense mutation previously
reported in COPA patients, i.e. p.E241K [5]. These mice had no
clinical or histological features of inflammatory arthritis. In con-
trast, they presented with lung pathological lesions consistent with
ILD and more specifically with the findings in lung sections from
COPA patients. Indeed, cellular bronchiolitis with germinal cen-
tre formation was observed in Copat24'X/* lung biopsies, with a
predominance of CD4+ T cells in the mononuclear infiltrates and
lymphoid aggregates comprised of B cells, reminiscent of the lung
pathology seen in COPA patients [5,31]. Interestingly, none mouse
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showed evidence of alveolar haemorrhage. However, one animal
had an inflammation in a pulmonary artery, suggestive of vasculitis.
This model further showed spontaneous activation of cytokine-
secreting T cells, besides a defect in thymic selection of T cells,
leading to T cell-related lung disease. Moreover, thymic epithe-
lial cells and splenocytes isolated from Copat24'X/* mice showed
an increased expression of ISGs that was abrogated when crossing
the mice with a STING knockout background [28]. The loss of STING
also rescued the disturbance of peripheral T cells populations [28].
Of interest, homozygous Copat241K/E241K mice were embryonically
lethal, but rescued by loss of STING, further implicating STING in
COPA syndrome pathogenesis [28].

5. Diagnostic process

When suggestive clinical signs of COPA syndrome are associ-
ated, routine laboratory tests—if not performed previously-and an
assessment of type IFN pathway should be proposed. It has to be
reminded that lung disease may appear as the sole expression of
COPA syndrome so that this diagnosis should be evocated in case
of unexplained DAH and ILD.

5.1. Routine laboratory tests

Even non-specific of COPA syndrome, routine laboratory tests
are of major importance to collect evidences in favour of autoin-
flammation and autoimmunity, and to help deciphering the
involved organs. Of note, an inflammatory syndrome is inconstant
and discordant CRP and ESR can be observed. In COPA patients with
inflammatory arthritis and/or kidney disease, DAH can present with
few or no symptoms and be revealed by non-specific biology results
mimicking haemolytic anaemia i.e. low level of haemoglobin
together with high counts of reticulocytes and low iron blood level.
Lupus nephritis was described to be pauci-symptomatic in one
patient, warranting investigation of the kidney. Moreover, routine
laboratory tests will serve as references values for follow-up eval-
uation of disease severity and treatment efficacy. They include,
non-exhaustively, inflammatory markers (hemogram, ESR, CRP),
evidences for chronic bleeding (reticulocytes, iron), autoantibodies
(ANA, ANCA, anti-CCP, rheumatoid factor), immune markers (IgA,
IgM, IgG, C1q, C3,C4),immunophenotyping (Th17 cells), and organ-
specific markers (TSH, proteinuria, urine creatine, serum creatine,
liver enzymes).

5.2. IFN pathway assessment [21]

Direct assessment of IFN has been challenging since the 1950s
when it was first described. In order to evaluate IFN pathway acti-
vation, indirect methods have been subsequently developed to
include:

e IFN activity assay [32];
¢ [EFN signature i.e. the expression of several ISGs using RT-qPCR
[33-36] or NanoString technology [37].

IFN activity assay relies on the indirect cytopathic effect of a
patient’s liquid (serum, cerebrospinal fluid) in an in vitro model
of viral infection [32], and requires fresh blood samples (or
frozen aliquots of serum/cerebrospinal fluid sent in dry ice). In
contrast, IFN signature is more convenient to screen patients,
in particular from more distant clinical units, since the blood
tube required (PAXgene tube) is stable at room temperature for
72 hours.

In 2016, a direct quantification of IFN alpha protein per se
was described using an ultra-sensitive Simoa digital ELISA assay

[38] and highly specific anti-pan-IFN alpha antibodies [39]. To our
knowledge, this ground-breaking technology is so far not available
routinely and only performed in research laboratories.

In the presence of suggestive features of COPA syndrome, the
identification of an induction of the IFN pathway confirmed at least
on two separate occasions, in the absence of recent viral infection,
is a further point in favour of genetic investigation [21]. Of note,
in asymptomatic individuals (clinical non-penetrance) the induc-
tion of the IFN pathway is absent or milder [8]. This is not the case
in asymptomatic individuals with gain-of-function mutations in
IFIH1 encoding MDAS5 [6,40], further emphasising the role of addi-
tional environmental and/or genetic or epigenetic factors in disease
pathogenesis [7].

5.3. Genetic testing

Genetic testing is usually performed as a second-intention test,
when clinical and biological evidences for a COPA syndrome are
convincing. They are realised in expert centres. Depending on the
centres available technics, a mutation in COPA can be identified by
several ways that include:

¢ targeted Sanger sequencing of the exons and the flanking intronic
junctions of COPA or restricted to the exons 8 and 9 spanning the
hot-spot of mutations in COPA;

e next-generation sequencing by targeted-sequencing (e.g. ‘AlDs
panel’, ‘chILD panel’);

¢ whole exome or whole genome sequencing.

Considering the targeted sequencing, it is important to note that
one substitution has been described at position 281 [15], farer than
the initial ‘hot spot’ indicating the possibility of an extended cluster
of mutations and warranting a non-restricted sequencing.

6. Family screening and genetic council

Considering the dominant inheritance model and the highly
variable phenotype, ranging from severe multi-organic disorder
to non-penetrance, a careful family screening is recommended. A
genetic council has to be offered to the family, and based on the
medical history and the local genetic screening policies, a genetic
screening is recommended for both parents of the probands, for all
symptomatic relatives, and, in most countries, for the requesting
asymptomatic adults-even in the absence of the strong induction
of the IFN pathway [8].

Prenatal and pre-implantation diagnosis are subsequent impor-
tantissue that have to be discussed in the frame of multidisciplinary
team meetings, with a case by case evaluation of the requests in
each family [41].

7. Therapeutic perspectives
7.1. Medical treatments

Most reported COPA patients were treated with steroids, and
one or various lines of immunosuppressive drugs, encompassing
disease-modifying antirheumatic drugs (DMARDs) and biologics
(Table 2). Although response to treatments is not detailed in
all cases, there is a certain efficacy reported of conventional
immunosuppressors. The recent finding of a link between COPA
syndrome and IFN pathway activation led to the attempt of the
use of JAK inhibition-i.e. blocking the IFN receptor (IFNAR) down-
stream signalling-in several patients [16,17]. Promising effects
of the JAK1/2 (ruxolitinib) and JAK1/3 (tofacitinib) inhibitors
were described, although questions of sustained efficacy require
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longer-term evaluation in particular for the lung disease. Regard-
ing the latter case, a patient with severe AH ameliorated with
ruxolitinib [16], but experienced recurrence of AH associated
with a progression to lung fibrosis on chest CT-scan, requir-
ing the association with anti-IL1-receptor antibodies and the
switch to another JAK1/2 inhibitor (baricitinib) (data not pub-
lished).

7.2. Lung and kidney transplantation

COPA-related pulmonary disease can lead to severe fibrosis and
end-stage respiratory failure so that lung transplantation has been
attempted in four adult patients. In three cases, information on
post-transplant survival is not reported [10] or only very briefly [9]
(‘near standard post-transplant survival’). The fourth patient, aged
25, is alive and doing well 15 months post-transplant [14]. Consid-
ering the involvement of the haematological compartment in COPA
syndrome pathogenesis, a longer-term follow up is required to
evaluate the risk of relapse on transplanted lungs.

Kidney transplantation has been described in two patients
[5,20], further indicating the need for careful renal screening. Post-
transplant follow-up is not available besides the information of a
satisfactory renal function 3 months after transplantation in one
adult [20].

8. Conclusion

Five years after its first description, COPA syndrome
is now considered as an IFN-related AID i.e. monogenic
interferonopathy-with autoinflammatory and/or autoimmune
features. The initially described phenotype has been subse-
quently broadened to include isolated lung or kidney disease,
and rare manifestations reminiscent of other monogenic inter-
feronopathies. The onset of symptoms is usually before age 5,
however, recently reported adult patients and the high clinical
non-penetrance warrant clinical and biological investigations
and careful genetic counselling. Novel insights in disease patho-
genesis provided targeted therapies and promised new specific
therapeutic approaches that may also be useful to more frequent
autoimmune/autoinflammatory disorders where a key pathogenic
role of IFN has been described.
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