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| Chapter 11

Rare manifestations
Alessandro N. Franciosi1,2, Tomás P. Carroll 1,3 and
Noel G. McElvaney1,2

AATD is usually diagnosed following pulmonary or hepatic manifestations; however, rarer
presentations may alert clinicians to its presence. Of these, panniculitis and anti-neutrophilic
cytoplasmic autoantibody (ANCA)-positive vasculitis are the most commonly reported.
Panniculitis is a histopathological finding from skin biopsies attributable to many causes.
However, lobular fat necrosis with dense neutrophil infiltration on biopsy may represent
AAT-related disease, a subtype associated with significant morbidity and frequent relapses.
Treatment with doxycycline, dapsone and AAT replacement therapy have all shown reliable
effect, with the latter particularly effective in refractory disease. A significant body of work has
been performed examining the role of AATD variants in ANCA vasculitis. The association
between antibodies against both myeloperoxidase and proteinase (PR)3 (both neutrophil
derived) and AATD has been shown to be significant, with clear evidence of over-representation
of the AATD variants in ANCA vasculitis cohorts. While in vitro mechanistic evidence exists
demonstrating a role for AAT replacement in anti-PR3 positive disease, there is little evidence
for its use in vivo. In addition to these two conditions, AATD has also been associated with
other systemic illness but the associations are as yet not fully proven.

Cite as: Franciosi AN, Carroll TP, McElvaney NG. Rare manifestations. In: Strnad P, Brantly ML, Bals R,
eds. α1-Antitrypsin Deficiency (ERS Monograph). Sheffield, European Respiratory Society, 2019; pp. 127–142
[https://doi.org/10.1183/2312508X.10033118].

@ERSpublications
Rare manifestations of AATD such as panniculitis and ANCA vasculitis can be among the
most fulminant presentations of the condition. Awareness of their relationship to AATD
will allow clinicians to recognise them and make informed therapeutic choices.
http://bit.ly/2Ih2shQ

While lung and liver disease are the most commonly encountered clinical
consequences of AATD, this chapter focuses on other, rarer manifestations of AATD

such as panniculitis and anti-neutrophilic cytoplasmic autoantibody (ANCA) vasculitis.
Though rare, these manifestations can represent the most fulminant complications of
AATD and, if untreated, may have lethal outcomes. Fortunately, effective treatments,
though not all universally accessible, are available. The role of AAT as a potent
immuno-modulator is likely to be central to these issues. This chapter also touches on
other less well documented disease associations with AATD.
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AATD and panniculitis

Background

The first two reports of painful subcutaneous nodules and atrophy of the subcutaneous fat
with associated inflammation occurred independently in the 1920s, by Frederick Parkes
Weber and Henry Asbury Christian. Both described the entity as “panniculitis” though this
constellation of findings subsequently garnered the eponym “Weber–Christian disease”.
Over 50 years later, and a decade after the discovery of AATD [1], the first association
between panniculitis and proteases inhibitor deficiency occurred in France in 1972, when
WARTER et al. [2] reported a case describing a 47-year-old female with relapsing Weber–
Christian disease and associated low serum trypsin-inhibitory capacity. Moreover, her three
children were also found to have reduced inhibitory capacity of trypsin in serum, and the
patient’s sister had died aged 54 years, with an apparent history of severe lung disease. The
subsequent decades saw increasing numbers of reports of Weber–Christian disease
associated with AATD, by then being specifically described by phenotype.

Features

The eponym Weber–Christian disease has gradually fallen out of favour, with descriptors of
specific clinical and histopathological features now being preferred. The classic description
of AATD-associated panniculitis is that of tender, nodular, often ulcerating skin lesions most
commonly described on the trunk, arms and groins. Skin biopsy requires sufficient
sub-epidermal fat tissue and classically reveals neutrophil-predominant, lobular fat necrosis and
absence of vascular damage, though a mixture of lobular and septal patterns are often seen [3].

The incidence in severe AATD is estimated at 0.1–0.9% [4, 5], and as such it represents a
rare manifestation of an already rare condition. In the National Heart Lung and Blood
Institute AATD registry only one out of 1129 study subjects reported panniculitis [6].To
date, approximately 85 cases of panniculitis associated with AATD have been described
(table 1), occasionally manifesting as just one of a number of inflammation dependent
phenomena presenting in complicated clinical cases [47, 52]. Recognition of the role of
AATD in such cases can be the breakthrough that leads to successful treatment.

Whether the association between heterozygous AATD and panniculitis is incidental or causal
has not been fully elucidated. Most reports feature single cases, and only one review of AATD
prevalence in biopsy proven panniculitis cohorts has been published to date [19]. This single
centre review retrospectively reported 15 cases of AATD diagnosed in 96 biopsy proven cases
of panniculitis, demonstrating a clear over-penetrance compared to normal populations. A
further retrospective review from the same centre some 30 years later [54] reported 10 cases
of AATD-associated panniculitis, with phenotypes being PI*ZZ (n=5), Pi*MZ (n=2), Pi*SZ
(n=1) and Pi*MS (n=1) and Pi*M/?Null (n=1). This distribution of phenotypes, with the
Pi*ZZ phenotype predominating, has been reported in previous reviews of the topic [5, 40].
Though cases of panniculitis associated with heterozygous forms of AATD have been
described [23, 28, 48], they are more frequently associated with clear precipitating triggers
than in Pi*ZZ individuals [37, 39].

Reviewing the cases published to date it would appear that the very mildest (Pi*MS) forms of
AATD are not overrepresented in this cohort. Detecting the MS phenotype of AATD in the
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Table 1. List of reported AATD-associated cases of panniculitis to date

First author [ref.] Year n Genotype/phenotype Sex Age years

WARTER [2] 1972 1 N/A F 47
RUBINSTEIN [7] 1977 2 Pi*ZZ, N/A M=2 36, 32
GUILMOT [8] 1980 1 Pi*N/A N/A N/A
OLMOS [9] 1981 1 Pi*MZ M 51
BALK [10] 1982 1 Pi*ZZ M 49
CLARK [11] 1982 2 Pi*ZZ, Pi*ZZ M=2 29, 36
POTTAGE [12] 1983 1 N/A N/A N/A
BLEUMINK [13] 1984 1 Pi*ZZ F 35
LONCHAMPT [14] 1985 1 Pi*ZZ F 47
BLEUMINK [15] 1985 1 Pi*ZZ F 44
VIRABEN [16] 1986 1 Pi*ZZ M 36
SMITH [17]# 1987 3 Pi*ZZ, Pi*ZZ, Pi*ZZ F=3 65, 36, 35
HENDRICK [18] 1988 3 Pi*ZZ, Pi*ZZ, Pi*ZZ M=2, F=1 24, 7, 33
SMITH [19] 1989 15 N/A N/A N/A
IRVINE [20] 1990 1 Pi*ZZ M 30
HUMBERT [21] 1991 3 Pi*MS, Pi*MS, N/A F=2, M=1 73, 50, 73
EDMONDS [22] 1991 1 Pi*ZZ F 13
PINTO [23] 1993 1 Pi*SS M 22
MARTINON SANCHEZ [24] 1993 1 Pi*ZZ F 11
TRAULSEN [25] 1994 1 Pi*ZZ F 56
FUREY [26]# 1996 1 Pi*ZZ F 62
O’RIORDAN [27]# 1997 1 Pi*ZZ F 62
GAILLARD [28] 1997 1 Pi*MZ F 31
LINARES-BARRIOS [29] 1998 1 N/A F 53
LOCHE [30] 1999 1 Pi*MS F 16
WERNER [31] 1999 1 Pi*ZZ F 61
FILACI [32] 2000 1 Pi*ZZ F 33
ALBES [33] 2001 3 Pi*MS, Pi*MZ, Pi*ZZ F=3 16, 40, 56
CHANG [34] 2001 1 Pi*SZ F 16
VOIGTLANDER [35] 2001 1 Pi*ZZ F 37
CHOWDURY [36]# 2002 1 Pi*ZZ F 33
RAJAGOPAL [37] 2002 1 N/A (level 50 mg·dL−1) F 48
KJUS [38]# 2003 1 Pi*ZZ F 21
PARR [39] 2003 1 Pi*ZZ F 34
GERAMINEJAD [40] 2004 2 Pi*MS,Pi*MS M=1, F=1 42, 43
ORTIZ [41] 2005 1 Pi*ZZ F 52
GROSS [42]# 2009 1 Pi*ZZ F 31
FERNANDEZ-TORRES [43] 2009 1 Pi*ZZ (acquired by liver transplant) F 56
AL NIAIMI [44]# 2011 1 Pi*ZZ M 16
OLSON [45]# 2012 1 Pi*ZZ M 36
LAUREANO [46] 2014 1 Pi*MS F 55
ELSENSOHN [47, 48]# 2015 1 Pi*ZZ/, Pi*FZ F 36, 71
CATHOMAS [49] 2015 1 Pi*ZZ M 50
VIGL [50]# 2015 1 Pi*MZ F 38
ECKHARD [51]# 2015 1 Pi*ZZ M 54
FRANCIOSI [52]# 2015 1 Pi*ZZ M 23
STORAN [53]# 2017 2 Pi*ZZ, Pi*ZZ F=2 24, 38
JOHNSON [54]# 2018 10 Pi*ZZ (n=5), Pi*SZ (n=1), Pi*MZ

(n=2), Pi*MS (n=1), Pi*M/?(n=1)
F=7, M=3 Mean 35

(18–58)
JOUHADI [55] 2018 1 Q0Cairo/Q0Cairo F 17
LOPES [56] 2018 1 N/A (level 51.8 mg·dL−1) M 49

#: cases treated with intravenous AAT augmentation as monotherapy or adjuvant therapy.
F: female; M: male; N/A: AAT typing results not available at time of review or not performed.
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setting of panniculitis may represent a serendipitous diagnosis, though the similarity in
histopathological features between this phenotype and more severe Pi*ZZ AATD skin biopsies
give credence to a possible shared mechanism.

Pathogenesis

AATD-associated panniculitis has usually been reported to occur spontaneously (or
following minor skin trauma) in the setting of severe deficiency, or in combination with an
identifiable precipitant in moderate deficiency states.

Over time, the increasing association between cases of neutrophilic necrotising panniculitis
and protease deficiency, along with the early recognition of the anti-protease capacity of
AAT, led to the hypothesis that an imbalance in protease/anti-protease activity was
centrally implicated in the occurrence of this rare skin manifestation. Certainly, the fact
that many patients with refractory necrotising disease were found to respond clinically to
intravenous AAT augmentation therapy reaffirmed this belief. Furthermore, cases have been
reported of patients developing panniculitis following receipt of a Pi*ZZ transplanted liver
[43], and of patients having pre-existing panniculitis resolve following receipt of a normal
Pi*MM liver transplant [27]. Notwithstanding all this, growing knowledge about the
immunomodulatory properties of AAT give us further clues as to other potential
mechanisms, which may precipitate or facilitate the development of a proteolytic milieu in
the skin.

Whilst it has been known for many years that carriage of the Pi*S or Pi*Z alleles of AAT
result in reduced circulating levels of AAT [57, 58], reduced anti-NE capacity and reduced
association rates with NE [59, 60], Z AAT and Z-polymers have also been shown in vitro to
act as both a direct and indirect neutrophil chemoattractant (figure 1) [61, 62]. In 2009, GROSS

et al. [42] reported their finding of Z AAT polymers in skin biopsy tissue, alongside
immunoglobulin (Ig)M and complement C3.

Part of the mechanism for increased neutrophil chemotaxis is explained by disruption in
the ability of AAT to bind interleukin (IL)-8, preventing the latter from interacting with
CXCR1 on neutrophil membranes (figure 2). Neutrophils isolated from AAT deficient
individuals demonstrate increased chemotactic response to IL-8, and this finding is
normalised by treatment of the deficient individuals with intravenous AAT augmentation.
Previous studies have demonstrated that neutrophil influx into the lungs in increased
in AAT deficient individuals [61, 63], and this may be reflective of mechanisms in the skin
as well.

Further promotion of neutrophil chemotaxis may be driven by the impact of AAT
deficiency on regulation of TACE. Neutrophil engagement with soluble immune complexes
leads to increased TACE activity. The subsequent release of the glycosylphosphatidylinositol-
anchored Fc receptor (FcγRIIIB), has been shown to play a role in neutrophil chemotaxis.
In vitro, the addition of AAT was shown to modulate TACE activity, thus preventing the
release of membrane FcγRIIIB [62] (figure 3).

Compounding the cyclical process of AATD-mediated inflammation, leukotriene (LT)B4

has been shown to affect neutrophil adhesion, chemotaxis and ultimately degranulation
[64–66]. The released NE has been shown to signal back to the neutrophil, increasing
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production of LTB4, upregulation of its receptor BLT1 on the neutrophil membrane, and
in turn, propagating the cycle of inflammation and neutrophil recruitment. The
inflammatory effects of LTB4 have been shown to be strongly inhibited by AAT in vitro
(figure 4). This inhibition occurs by binding of LTB4 to a central hydrophobic pocket on
the AAT protein surface, thereby preventing engagement of BLT1 on the neutrophil
plasma membrane.

Further evidence of the ability of AAT to modulate degranulation was shown in a study
examining the expression of TNF-α in AATD individuals, and the subsequent impact of
the addition of exogenous AAT in vitro [67]. TNF-α expression in circulating neutrophils
of AAT deficient individuals was shown to be elevated to levels comparable to rheumatoid
arthritis patients. Subsequent in vitro studies demonstrated the effectiveness of AAT in
reducing secondary and tertiary neutrophil granule release, thereby blocking TNF-α
interaction with TNF receptors, reducing the downstream signalling required for
degranulation.

1

2
3

a)

b)

M AAT

2

1
3

2

1 3

4

2

1
3

4

Z AAT Z-polymers NSPs

Figure 1. a) In Pi*MM plasma (1), baseline neutrophil serine protease (NSP) activity is easily balanced out
by abundant AAT. Following neutrophil activation (2), release of NSPs increases the proteolytic potential of
the peri-cellular space, with an eventual rise in AAT synthesis restoring the antiprotease balance (3). b) In
Pi*ZZ plasma (1), the baseline plasma antiprotease potential is reduced. Activation of neutrophils (2) results
in exaggerated NSP release, greater proteolytic radius and reduced rate of NSP abrogation (3). The
presence of Z-polymers further exacerbates the protease burden by attracting more neutrophils (4). Figure
partially created with BioRender.com.
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Diagnosis

The likelihood of a diagnosis of AATD-related panniculitis is clinician dependent. Whilst
AATD testing is specifically recommended in the workup of panniculitis [68–70], these
guidelines are not published by dermatology societies. As the clinical specialty most likely
to encounter severe cases of panniculitis, it is essential that dermatologists be aware of the
technical modalities available for AATD testing. Testing for AATD remains low even
among lung physicians [71]. Specific guidelines published by dermatology societies may
improve uptake of testing for AATD in panniculitis and help clarify the true prevalence of
deficiency in this cohort.

Full thickness incisional skin biopsies should be performed in the first instance to definitively
establish the presence of panniculitis. Where possible, these should be performed in the
setting of active inflammation, and should be of sufficient depth to adequately inspect the
subdermal fat layer [3]. One series comparing histological findings in four confirmed cases of
AATD-related panniculitis reported the shared features to be large areas of normal panniculus
adjacent to severe necrotic panniculitis, with replacement of fat lobules by extensive neutrophil
infiltration causing necrosis [72]. Furthermore, haemorrhage at the periphery of acute
panniculitis was seen, alongside proliferation of histiocytic cells and lipophages. Whilst some
evidence of secondary leukocytoclastic vasculitis may be seen in areas of necrosis and
inflammation, no evidence of primary vasculitis should be present in classic AATD
panniculitis. Direct immunofluorescence of tissue has also demonstrated C3 deposition in the
blood vessels of the panniculus and/or the dermis, and IgM present in blood vessels (figure 5).

AAT

AAT

Downstream

neutrophil

chemotaxis

IL-8

IL-8
IL-8

IL-8

IL-8

IL-8IL-8

IL-8

IL-8

AAT

Z AAT

Z AAT
Z AAT

CXCR1
CXCR1

AAT

AAT

Figure 2. Normal binding of interleukin (IL)-8 is disrupted in Z AAT, allowing greater interaction of IL-8 with
CXCR1.

132 https://doi.org/10.1183/2312508X.10033118

ERS MONOGRAPH | a1-ANTITRYPSIN DEFICIENCY

Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)

http://reader.ersjournals.com/docgoto/1-antitrypsin-deficiency/153
http://reader.ersjournals.com/docgoto/1-antitrypsin-deficiency/153
http://reader.ersjournals.com/docgoto/1-antitrypsin-deficiency/153
http://reader.ersjournals.com/docgoto/1-antitrypsin-deficiency/151
http://reader.ersjournals.com/docgoto/1-antitrypsin-deficiency/153
http://reader.ersjournals.com/docgoto/1-antitrypsin-deficiency/147


LTB4

BLT1

LTB4

Neutrophil

chemotaxis,

adhesion,

degranulation

4

2

5

3

1

AAT

Figure 4. NE is released from the neutrophil (1). NE signals back to the cell (2) resulting in increased
leukotriene (LT)B4 production and BLT1 upregulation (3), with downstream effects on neutrophil function (4).
The addition of exogenous AAT inhibits LTB4-mediated cell signalling (5). Partially created with BioRender.com.

5 sIC

AAT

TACE

1

2

3

4

Fcγ-RIIIB

Figure 3. Neutrophil interaction with soluble immune complexes (sIC) (1) increases TACE activity (2) leading
to the release of Fcγ-RIIIB (3) and the activation of a number of pathways which play a role in neutrophil
chemotaxis (4). AAT (5) has been shown to modulate TACE activity.
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Once AATD is suspected, testing for AATD should be performed according to local
algorithms, but should include diagnostic methodologies such as phenotyping or
genotyping [73]. Given the likely coexistence of systemic inflammation and panniculitis at
the time of investigation, screening for AATD by measurement of serum levels should be
avoided, given the risk of transiently elevated AAT in the acute phase response, leading to a
falsely reassuring test [74].

Management

The relapsing nature of AATD-related panniculitis is such that expectant management is
rarely satisfactory. Many cases, presenting in an advanced stage, feature ulceration and
serous discharge, causing pain and risk of further irritation and infection. Rarely, the nature
of the presentation is complicated by other clinical features, equally if not more critical
than the panniculitis itself [47]. In one review of 42 reported cases of panniculitis [40],
three patients, all <50 years of age (mean age 29 years), died within 2 years of diagnosis,
with treatment-refractory disease being a feature common to all cases. These deaths all
occurred in the 1970s and early 1980s, at a time when the mechanisms of not just
panniculitis, but AATD in general were still being elucidated.

Classical therapy

Initial treatments focused on glucocorticoid treatment and antibiotics, and favourable
results have been achieved with doxycycline, possibly owing to its putative anti-
collegenolytic properties [75]. As such, it is worth considering doxycycline, and other
tetracyclines as a credible alternative monotherapy or adjuvant therapy to current first-line
options. Use of minocycline [40], colchicine [46, 53], prednisolone and a host of
antimicrobials have all been described, with varying degrees of effectiveness.

To date, the most efficacious oral treatment for remission of disease and ongoing
maintenance is dapsone, usually prescribed at a dose of 50–100 mg per day. The beneficial
effects of dapsone in AATD are attributed to possible modulation of reactive oxygen

c

a

b

Figure 5. Skin biopsy from a 23-year-old Pi*ZZ AATD male. Haematoxylin and eosin showing a blood vessel
(a) surrounded by dense neutrophil infiltrate (b) and fat necrosis (c).
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species generation, neutrophil adhesion, TNF-α levels and IL-8 mediated neutrophil
chemotaxis [76]. Unfortunately, patient tolerance can be an issue, side-effects of dapsone
are common, and glucose-6-phosphate-dehydrogenase deficiency should be ruled out prior
to initiation of therapy.

Intravenous augmentation therapy

In 1987, intravenous purified pooled human AAT (Prolastin®) was approved for the
treatment of AATD-associated emphysema [77]. That same year saw the first successful
treatment of two cases of AATD-associated panniculitis, with both patients achieving
remission [17]. Over the intervening decades, i.v. AAT augmentation has been used at least
15 times for the treatment of AAT-associated panniculitis, repeatedly demonstrating
efficacy (table 1), though the sporadic and rare nature of the disease has not allowed for
formal clinical trials.

Summary of therapy

Whilst numerous therapies have been tried in AATD-associated panniculitis, only plasma
exchange, liver transplantation, dapsone and i.v. AAT augmentation have demonstrated
effectiveness >50% of the time, with only the latter two in sufficient numbers of cases to
consider them reliable in this condition.

Of these, dapsone is clearly the most cost-effective and practical, especially when compared
with i.v. AAT augmentation [5, 42], prompting many clinicians to consider it as first-line
treatment, though the evidence for the latter is highly compelling given its frequent
successful use as a second-line agent following non-response to oral agents including
dapsone in many reported cases [17, 38, 44, 45]. Furthermore, AAT augmentation provides
the dual benefit of control of skin disease, along with long-term benefits to lung health in
patients with severe AATD [78].

Consequently, given the variability in availability, cost and patient tolerance for each of the
treatments, the single best therapeutic option varies in each case.

Long-term outcomes in panniculitis are not well documented, with clear follow-up times only
presented in some case reports but generally remission is achieved, with episodic relapses
commonly described, especially in those patients not receiving i.v. augmentation therapy.

ANCA vasculitis

ANCA vasculitis is a severe autoimmune disease comprising of three distinct sub-entities:
granulomatosis with polyangitis (GPA), microscopic polyangiitis and, less frequently,
eosinophilic granulomatosis with polyangiitis (EGPA). ANCA-associated vasculitides are
often life-threatening emergencies, frequently resulting in significant morbidity with
pulmonary haemorrhage and renal failure being the disease defining findings. These
entities are associated with high mortality, onerous treatment regimens and significant
relapse rates.

The detection of antibodies against proteinase 3 (PR3) or myeloperoxidase (MPO) is highly
suggestive of ANCA vasculitis, especially in conjunction with evidence of end organ
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damage. GPA is classically associated with airway granulomatous disease and with PR3
ANCA vasculitis in most cases, but can present with MPO antibodies in a subset of
patients. Conversely, microscopic polyangiitis lacks granulomatous features and is
associated with MPO antibodies in most cases, but less frequently PR3 antibodies [79]. The
rarer entity of EGPA is frequently antibody-negative, associated with eosinophilia in tissues
and blood, and characterised by asthma, rhino sinusitis, skin disease, neuritis, cardiac and
renal disease. The presentation of EGPA is often surreptitious, with the emergence of the
respiratory components often preceding the other end organ diseases by many years [80].

ANCAs and AATD

The association between AATD and ANCA vasculitis has been suggested for some time,
not only due to the association of antibodies against PR3 (a neutrophil-derived serine
protease targeted by AAT) [81] and MPO (derived from the neutrophil primary granule),
with ANCA vasculitis, but also due to evidence of over-representation of AATD phenotypes
in PR3-ANCA-positive vasculitis cohorts [82–85]. Prevalence estimates for the Pi*Z allele in
PR3-ANCA-positive vasculitis individuals varies between 5.6% and 17.6%, far exceeding the
frequency in non-AATD population (3–9-fold) [86]. Furthermore, there is evidence to
suggest that AAT deficient phenotypes within ANCA vasculitis cohorts display different
phenotypic features of disease, with pulmonary haemorrhage more being common in
AATD individuals [83, 87, 88].

In a 2012 landmark genome-based study [89] it was shown that SERPINA1 single
nucleotide polymorphisms had a significant association with PR3 ANCA GPA and PR3
ANCA microscopic polyangitiis, but not MPO-positive ANCA subtypes. Further genetic
associations have subsequently been demonstrated between SERPINA1 and PR3 ANCA
[90]. It has also been suggested that the excess of unbound and uninhibited free PR3
occurring due to increased neutrophil burden in AATD may represent a persistent stimulus
which in fact drives autoantibody production against PR3 [84].

Moreover, there is evidence to suggest a possible role for AAT in attenuating PR3 ANCA
mediated neutrophil burst [91]. The addition of exogenous AAT to TNF-α primed
neutrophils prior to the addition of a monoclonal PR3 antibody prevents binding of the
antibody to PR3 on the neutrophils and results in a subsequent 47% reduction in anti-PR3
induced activation.

The link between MPO ANCA vasculitis and AATD is less well defined. Cases of MPO ANCA
vasculitis and occasional rarer forms of vasculitis have been described in AATD [92, 93].
One large meta-analysis demonstrated an association with both the Pi*S and Pi*Z allele with
ANCA vasculitis, as well as an association with MPO and PR3 ANCA [90], other studies
have only demonstrated an association with the Pi*Z allele and PR3 ANCA vasculitis [89].

Despite the demonstrated links between AATD, PR3 expression, anti-PR3 antibodies and the
emergence of PR3 ANCA vasculitis, to date no clinical trial has examined the use of i.v. AAT
augmentation in ANCA vasculitis. A single case report describes treatment of PR3 ANCA
microscopic polyangiitis with i.v. AAT and oral glucocorticoids in an 84-year-old woman
presenting with pulmonary infiltrates, renal failure and skin lesions on a background of
known Pi*ZZ AATD. In light of the patient’s renal impairment, initial treatment was limited
to 3 days of methylprednisolone, resulting in improvement of pulmonary infiltrates, renal
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function and a normalisation of PR3 titres. Due to concerns regarding the patients’ medical
comorbidities, monotherapy with oral prednisolone was continued and tapered over a month
during which improvements in renal indices plateaued. Subsequently, i.v. AAT was added to
glucocorticoids in an attempt to avoid cyclophosphamide. Further improvement in renal
indices and a resolution of skin lesions was associated with initiation of AAT augmentation
and no relapse of vasculitis during follow-up [94].

As discussed previously, ANCA vasculitis is associated with poor outcomes and end organ
disease, with 5 year mortality >25% [95]. Treatment options include glucocorticoids in
combination with cyclophosphamide or rituximab for induction of remission in life-or-organ
threatening disease or, less commonly, glucocorticoids with methotrexate in non-threatening
disease. Nonetheless, relapse rates are high [96, 97]. Increasing evidence of the role for i.v.
AAT as a potent immune-modulator in vivo in other refractory autoimmune conditions [88, 98]
raises the possibility that it may yet have a role in ANCA vasculitis.

Other less common associations with AATD

A number of studies have linked AATD and rheumatoid arthritis. Some have shown an
increased frequency of AATD phenotypes in patients with rheumatoid arthritis compared
to population frequencies [99, 100], while others have shown a more severe phenotypic and
immunologic expression of rheumatoid arthritis in AATD individuals, specifically Pi*MZ
[101]. In the setting of AATD-related chronic liver disease, renal impairment has been
observed in children and young adults. In these studies, a relatively high prevalence of
mesangio-capillary glomerulonephritis was noted in children with AATD and chronic liver
disease [102, 103]. In addition to these conditions, AATD has also been reported in
association with a large number of other conditions but in small numbers and with little
clear evidence of causality and effect. These associations include gastrointestinal disorders
such as pancreatitis [104, 105], inflammatory bowel disease, coeliac disease and peptic ulcer
disease [106–110], in addition to diabetes [111], aneurysms [112] and conflicting data
concerning coronary atherosclerosis risk [113–115]. Linkages have been sought with
fibromyalgia [116–118], though the evidence is mixed, with some studies failing to show
strong links with AATD [119] and a small negative trial of the use of augmentation therapy
in fibromyalgia [120]. As such, it should be borne in mind that many of these associations
are tenuous and require further investigation.

Our understanding of AATD has changed over the past number of years, mainly due to an
increased realisation of the role of AAT as an anti-inflammatory. AATD is significantly
involved in panniculitis and vasculitis and may be involved in other inflammatory
conditions but the evidence for these involvements is less clear and requires further
evaluation.

Conclusion

As discussed previously, panniculitis and vasculitis associated with AATD, whilst rare, can
in fact be the most fulminant and clinically severe consequences of the condition. Given
the acute inflammatory response likely to be present in such cases, serum AAT levels may
be significantly elevated and therefore an unreliable screening or diagnostic test in such
settings. In such instances, genotyping and/or phenotyping should be requested for
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accurate diagnosis. Clinicians should be aware of the possibility of AATD in the setting of
panniculitis, and more specific dermatology guidelines for AATD testing in this setting
would be welcome.

Finally, the growing evidence surrounding the immunomodulatory effects of AAT may lead
to greater evidence of associations between AATD and other diseases, whilst also offering
potential new therapeutic roles for AAT augmentation.

References

1. Laurell CB, Eriksson S. The Electrophoretic α;1-globulin pattern of serum in α;1-antitrypsin deficiency. Scand J
Clin Lab Invest 1963; 15: 132–140.

2. Warter J, Storck D, Grosshans E, et al. [Weber-Christian syndrome associated with an alpha-1 antitrypsin
deficiency. Familial investigation]. Ann Med Interne (Paris) 1972; 123: 877–882.

3. Chan MP. Neutrophilic panniculitis: algorithmic approach to a heterogeneous group of disorders. Arch Pathol
Lab Med 2014; 138: 1337–1343.

4. McElvaney NG, Stoller JK, Buist AS, et al. Baseline characteristics of enrollees in the National Heart, Lung and
Blood Institute Registry of α1-antitrypsin deficiency. Chest 1997; 111: 394–403.

5. Blanco I, Lipsker D, Lara B, et al. Neutrophilic panniculitis associated with alpha-1-antitrypsin deficiency: an
update. Br J Dermatol 2016; 174: 753–762.

6. Hatipoglu U, Stoller JK. alpha1-Antitrypsin deficiency. Clin Chest Med 2016; 37: 487–504.
7. Rubinstein HM, Jaffer AM, Kudrna JC, et al. Alpha1-antitrypsin deficiency with severe panniculitis. Report of

two cases. Ann Intern Med 1977; 86: 742–744.
8. Guilmot JL LF, Choutel P. Maladie de Weber-Christian associe a un deficit en alpha-1-antitrypsine. Presse Med

1980; 9: 886.
9. Olmos L, Superby A, Lueiro M. [Alpha-1-antitrypsin deficiency in Weber–Christian panniculitis]. Actas

Dermosifiliogr 1981; 72: 371–376.
10. Balk E, Bronsveld W, Van der Deyl JA, et al. Alpha 1-antitrypsin deficiency with vascular leakage syndrome and

panniculitis. Neth J Med 1982; 25: 138–141.
11. Clark P, Breit SN, Dawkins RL, et al. Genetic study of a family with two members with Weber Christian disease

(panniculitis) and alpha 1 antitrypsin deficiency. Am J Med Genet 1982; 13: 57–62.
12. Pottage JC Jr, Trenholme GM, Aronson IK, et al. Panniculitis associated with histoplasmosis and alpha

1-antitrypsin deficiency. Am J Med 1983; 75: 150–153.
13. Bleumink E, Klokke HA. Protease-inhibitor deficiencies in a patient with Weber–Christian panniculitis. Arch

Dermatol 1984; 120: 936–940.
14. Lonchampt F, Blanc D, Terrasse F, et al. [Weber–Christian disease associated with familial alpha-1-antitrypsin

deficiency. Apropos of a case]. Ann Dermatol Venereol 1985; 112: 35–39.
15. Bleumink E, Klokke AH. Relationship between Weber–Christian panniculitis and the ZZ phenotype of

alpha1-antitrypsin. Arch Dermatol Res 1985; 277: 328–329.
16. Viraben R, Massip P, Dicostanzo B, et al. Necrotic panniculitis with alpha-1 antitrypsin deficiency. J Am Acad

Dermatol 1986; 14: 684–687.
17. Smith KC, Pittelkow MR, Su WP. Panniculitis associated with severe alpha 1-antitrypsin deficiency. Treatment

and review of the literature. Arch Dermatol 1987; 123: 1655–1661.
18. Hendrick SJ, Silverman AK, Solomon AR, et al. Alpha 1-antitrypsin deficiency associated with panniculitis. J Am

Acad Dermatol 1988; 18: 684–692.
19. Smith KC, Su WP, Pittelkow MR, et al. Clinical and pathologic correlations in 96 patients with

panniculitis, including 15 patients with deficient levels of alpha 1-antitrypsin. J Am Acad Dermatol 1989; 21:
1192–1196.

20. Irvine C, Neild V, Stephens C, et al. Alpha-1-antitrypsin deficiency panniculitis. J R Soc Med 1990; 83: 743–744.
21. Humbert P, Faivre B, Gibey R, et al. Use of anti-collagenase properties of doxycycline in treatment of alpha

1-antitrypsin deficiency panniculitis. Acta Derm Venereol 1991; 71: 189–194.
22. Edmonds BK, Hodge JA, Rietschel RL. Alpha 1-antitrypsin deficiency-associated panniculitis: case report and

review of the literature. Pediatr Dermatol 1991; 8: 296–299.
23. Pinto AR, Maciel LS, Carneiro F, et al. Systemic nodular panniculitis in a patient with alpha-1 antitrypsin

deficiency (Piss phenotype). Clin Exp Dermatol 1993; 18: 154–155.
24. Martinon Sanchez F, Fernandez Villar MC, Otero Esteban JJ, et al. [Panniculitis associated with alpha 1-atitrypsin

deficiency]. An Esp Pediatr 1993; 38: 269–270.

138 https://doi.org/10.1183/2312508X.10033118

ERS MONOGRAPH | a1-ANTITRYPSIN DEFICIENCY

Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)



25. Traulsen JB. [Panniculitis associated with severe alpha 1-antitrypsin deficiency]. Ugeskr Laeg 1994; 156: 1474–1475.
26. Furey NL, Golden RS, Potts SR. Treatment of alpha-1-antitrypsin deficiency, massive edema, and panniculitis

with alpha-1 protease inhibitor. Ann Intern Med 1996; 125: 699.
27. O’Riordan K, Blei A, Rao MS, et al. alpha 1-Antitrypsin deficiency-associated panniculitis: resolution with

intravenous alpha 1-antitrypsin administration and liver transplantation. Transplantation 1997; 63: 480–482.
28. Gaillard MC, Bothwell J, Dreyer L. A case of systemic nodular panniculitis associated with M1 (Val213) Z

phenotype of alpha(1)-protease inhibitor. Int J Dermatol 1997; 36: 278–280.
29. Linares-Barrios M, Conejo-Mir IS, Artola Igarza JL, et al. Panniculitis due to alpha 1-antitrypsin deficiency

induced by cryosurgery. Br J Dermatol 1998; 138: 552–553.
30. Loche F, Tremeau-Martinage C, Laplanche G, et al. Panniculitis revealing qualitative alpha 1 antitrypsine

deficiency (MS variant). Eur J Dermatol 1999; 9: 565–567.
31. Werner A, Mera Varela A, Cea Pereiro JC. [Dapsone and panniculitis due to alpha 1-antitrypsin deficiency]. Rev

Clin Esp 1999; 199: 779–780.
32. Filaci G, Contini P, Barbera P, et al. Autoantibodies to neutrophilic proteases in a case of panniculitis by deficit of

alpha1-antitrypsin. Rheumatology (Oxford) 2000; 39: 1289–1290.
33. Albes B, Bayle-Lebey P, Bazex J, et al. [Panniculitis revealing alpha-1 antitrypsin deficiency. Report of 3 cases].

Ann Med Interne (Paris) 2001; 152: 502–506.
34. Chng WJ, Henderson CA. Suppurative panniculitis associated with alpha 1-antitrypsin deficiency (PiSZ

phenotype) treated with doxycycline. Br J Dermatol 2001; 144: 1282–1283.
35. Voigtlander V, Roberg B. [Recurrent nodular panniculitis in hereditary alpha-1-antitrypsin deficiency]. Med Klin

(Munich) 2001; 96: 242–245.
36. Chowdhury MM, Williams EJ, Morris JS, et al. Severe panniculitis caused by homozygous ZZ alpha1-antitrypsin

deficiency treated successfully with human purified enzyme (Prolastin). Br J Dermatol 2002; 147: 1258–1261.
37. Rajagopal R, Malik AK, Murthy PS, et al. Alpha-1 antitrypsin deficiency panniculitis. Indian J Dermatol Venereol

Leprol 2002; 68: 362–364.
38. Kjus T, Lutzow-Holm C, Christensen OB. Treatment of panniculitis associated with alpha-1-antitrypsin deficiency

with alpha-1-protease inhibitor. Acta Derm Venereol 2003; 83: 462–463.
39. Parr DG, Stewart DG, Hero I, et al. Panniculitis secondary to extravasation of clarithromycin in a patient with

alpha 1-antitrypsin deficiency (phenotype PiZ). Br J Dermatol 2003; 149: 410–413.
40. Geraminejad P, DeBloom JR2nd, Walling HW, et al. Alpha-1-antitrypsin associated panniculitis: the MS variant.

J Am Acad Dermatol 2004; 51: 645–655.
41. Ortiz PG, Skov BG, Benfeldt E. Alpha1-antitrypsin deficiency-associated panniculitis: a case report and reveiw of

treatment. J Eur Acad Dermatol Venereol 2005; 19: 487–490.
42. Gross B, Grebe M, Wencker M, et al. New Findings in PiZZ alpha1-antitrypsin deficiency-related panniculitis.

Demonstration of skin polymers and high dosing requirements of intravenous augmentation therapy.
Dermatology 2009; 218: 370–375.

43. Fernandez-Torres R, Garcia-Silva J, Robles O, et al. Alfa-1-antitrypsin deficiency panniculitis acquired after liver
transplant and successfully treated with retransplant. J Am Acad Dermatol 2009; 60: 715–716.

44. Al-Niaimi F, Lyon C. Severe ulcerative panniculitis caused by alpha 1-antitrypsin deficiency: remission induced
and maintained with intravenous alpha 1-antitrypsin. J Am Acad Dermatol 2011; 65: 227–229.

45. Olson JM, Moore EC, Valasek MA, et al. Panniculitis in alpha-1 antitrypsin deficiency treated with enzyme
replacement. J Am Acad Dermatol 2012; 66: e139–e141.

46. Laureano A, Carvalho R, Chaveiro A, et al. Alpha-1-antitrypsin deficiency-associated panniculitis: a case report.
Dermatol Online J 2014; 20: 21245.

47. Elsensohn AN, Curtis JA, Secrest AM, et al. Alpha-1-antitrypsin deficiency panniculitis presenting with severe
anasarca, pulmonary embolus and hypogammaglobulinaemia. Br J Dermatol 2015; 173: 289–291.

48. Elsensohn AN, Liaqat M, Powell G, et al. Alpha-1-antitrypsin associated panniculitis and corneal ulcer with a rare
allelic variant (PiFZ): a case report. Int J Dermatol 2016; 55: 698–699.

49. Cathomas M, Schuller A, Candinas D, et al. Severe postoperative wound healing disturbance in a patient with
alpha-1-antitrypsin deficiency: the impact of augmentation therapy. Int Wound J 2015; 12: 601–604.

50. Vigl K, Monshi B, Vujic I, et al. Pyoderma gangrenosum-like necrotizing panniculitis associated with alpha-1
antitrypsin deficiency: a lethal course. J Dtsch Dermatol Ges 2015; 13: 1180–1184.

51. Eckhard M, Kroll KP, Karrasch T, et al. [Panniculitis of the thigh and lung emphysema in a 54-year-old patient].
Internist (Berl) 2015; 56: 696–701.

52. Franciosi AN, McCarthy C, Carroll TP, et al. Unusual acute sequelae of alpha1-antitrypsin deficiency: a myriad of
symptoms with one common cure. Chest 2015; 148: e136–e168.

53. Storan ER, O’Gorman SM, Hawkins P, et al. Alpha-1-antitrypsin deficiency-related panniculitis: two cases with
diverse clinical courses. Clin Exp Dermatol 2017; 42: 520–522.

54. Johnson EF, Tolkachjov SN, Gibson LE. Alpha-1 antitrypsin deficiency panniculitis: clinical and pathologic
characteristics of 10 cases. Int J Dermatol 2018; 57: 952–958.

https://doi.org/10.1183/2312508X.10033118 139

RARE MANIFESTATIONS | A.N. FRANCIOSI ET AL.

Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)



55. Jouhadi Z, Odou MF, Zerimech F, et al. Alpha1 antitrypsin deficiency due to an homozygous PI* Null Q0Cairo
mutation: early onset of pulmonary manifestations and variability of clinical expression. Respir Med Case Rep
2018; 24: 58–62.

56. Lopes S, Damas C, Azevedo F, et al. Cutaneous manifestation of alpha-1 antitrypsin deficiency: a case of
panniculitis. Indian J Dermatol 2018; 63: 355–357.

57. Brantly ML, Wittes JT, Vogelmeier CF, et al. Use of a highly purified alpha 1-antitrypsin standard to establish
ranges for the common normal and deficient alpha 1-antitrypsin phenotypes. Chest 1991; 100: 703–708.

58. Ferrarotti I, Thun GA, Zorzetto M, et al. Serum levels and genotype distribution of alpha1-antitrypsin in the
general population. Thorax 2012; 67: 669–674.

59. Ogushi F, Hubbard RC, Fells GA, et al. Evaluation of the S-type of alpha-1-antitrypsin as an in vivo and in vitro
inhibitor of neutrophil elastase. Am Rev Respir Dis 1988; 137: 364–370.

60. Sinden NJ, Koura F, Stockley RA. The significance of the F variant of alpha-1-antitrypsin and unique case report
of a PiFF homozygote. BMC Pulm Med 2014; 14: 132.

61. Mulgrew AT, Taggart CC, Lawless MW, et al. Z alpha1-antitrypsin polymerizes in the lung and acts as a
neutrophil chemoattractant. Chest 2004; 125: 1952–1957.

62. Bergin DA, Reeves EP, Meleady P, et al. alpha-1 Antitrypsin regulates human neutrophil chemotaxis induced by
soluble immune complexes and IL-8. J Clin Invest 2010; 120: 4236–4250.

63. Rouhani F, Paone G, Smith NK, et al. Lung neutrophil burden correlates with increased pro-inflammatory
cytokines and decreased lung function in individuals with alpha(1)-antitrypsin deficiency. Chest 2000; 117: Suppl. 1,
250S–251S.

64. Ford-Hutchinson AW, Bray MA, Doig MV, et al. Leukotriene B, a potent chemokinetic and aggregating substance
released from polymorphonuclear leukocytes. Nature 1980; 286: 264–265.

65. Hoover RL, Karnovsky MJ, Austen KF, et al. Leukotriene B4 action on endothelium mediates augmented
neutrophil/endothelial adhesion. Proc Natl Acad Sci USA 1984; 81: 2191–2193.

66. O’Dwyer CA, O’Brien ME, Wormald MR, et al. The BLT1 inhibitory function of alpha-1 antitrypsin
augmentation therapy disrupts leukotriene B4 neutrophil signaling. J Immunol 2015; 195: 3628–3641.

67. Bergin DA, Reeves EP, Hurley K, et al. The circulating proteinase inhibitor alpha-1 antitrypsin regulates
neutrophil degranulation and autoimmunity. Sci Transl Med 2014; 6: 217ra1.

68. American Thoracic Society, European Respiratory Society. American Thoracic Society/European Respiratory
Society statement: standards for the diagnosis and management of individuals with alpha-1 antitrypsin deficiency.
Am J Respir Crit Care Med 2003; 168: 818–900.

69. Alpha 1-antitrypsin deficiency: memorandum from a WHO meeting. Bull World Health Organ 1997; 75: 397–415.
70. Stoller JK, Snider GL, Brantly ML, et al. [American Thoracic Society/European Respiratory Society Statement:

standards for the diagnosis and management of individuals with alpha-1 antitrypsin deficiency]. Pneumologie
2005; 59: 36–68.

71. Greulich T, Ottaviani S, Bals R, et al. Alpha1-antitrypsin deficiency – diagnostic testing and disease awareness in
Germany and Italy. Respir Med 2013; 107: 1400–1408.

72. Su WP, Smith KC, Pittelkow MR, et al. Alpha 1-antitrypsin deficiency panniculitis: a histopathologic and
immunopathologic study of four cases. Am J Dermatopathol 1987; 9: 483–490.

73. Miravitlles M, Dirksen A, Ferrarotti I, et al. European Respiratory Society statement: diagnosis and treatment of
pulmonary disease in alpha1-antitrypsin deficiency. Eur Respir J 2017; 50: 1700610.

74. Ottaviani S, Gorrini M, Scabini R, et al. C reactive protein and alpha1-antitrypsin: relationship between levels and
gene variants. Transl Res 2011; 157: 332–338.

75. Nordstrom D, Lindy O, Lauhio A, et al. Anti-collagenolytic mechanism of action of doxycycline treatment in
rheumatoid arthritis. Rheumatol Int 1998; 17: 175–180.

76. Wozel G, Blasum C. Dapsone in dermatology and beyond. Arch Dermatol Res 2014; 306: 103–124.
77. Wewers MD, Casolaro MA, Sellers SE, et al. Replacement therapy for alpha 1-antitrypsin deficiency associated

with emphysema. N Engl J Med 1987; 316: 1055–1062.
78. Chapman KR, Burdon JG, Piitulainen E, et al. Intravenous augmentation treatment and lung density in severe

alpha1 antitrypsin deficiency (RAPID): a randomised, double-blind, placebo-controlled trial. Lancet 2015; 386:
360–368.

79. Hagen EC, Daha MR, Hermans J, et al. Diagnostic value of standardized assays for anti-neutrophil cytoplasmic
antibodies in idiopathic systemic vasculitis. EC/BCR project for ANCA assay standardization. Kidney Int 1998; 53:
743–753.

80. Gioffredi A, Maritati F, Oliva E, et al. Eosinophilic granulomatosis with polyangiitis: an overview. Front Immunol
2014; 5: 549.

81. Duranton J, Bieth JG. Inhibition of proteinase 3 by α1-antitrypsin in vitro predicts very fast inhibition in vivo.
Am J Respir Cell Mol Biol 2003; 29: 57–61.

82. Esnault VL, Testa A, Audrain M, et al. Alpha 1-antitrypsin genetic polymorphism in ANCA-positive systemic
vasculitis. Kidney Int 1993; 43: 1329–1332.

140 https://doi.org/10.1183/2312508X.10033118

ERS MONOGRAPH | a1-ANTITRYPSIN DEFICIENCY

Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)



83. Deshayes S, Silva NM, Grandhomme F, et al. Clinical impact of alpha-1-antitrypsin deficiency in
ANCA-associated vasculitis: results from a French retrospective monocentric cohort of 142 consecutive patients.
J Rheumatol 2019; https://doi.org/10.3899/jrheum.180591.

84. Savige JA, Chang L, Cook L, et al. Alpha 1-antitrypsin deficiency and anti-proteinase 3 antibodies in anti-neutrophil
cytoplasmic antibody (ANCA)-associated systemic vasculitis. Clin Exp Immunol 1995; 100: 194–197.

85. Pervakova MY, Emanuel VL, Titova ON, et al. The diagnostic value of alpha-1-antitrypsin phenotype in patients
with granulomatosis with polyangiitis. Int J Rheumatol 2016; 2016: 7831410.

86. Segelmark M, Elzouki AN, Wieslander J, et al. The PiZ gene of alpha 1-antitrypsin as a determinant of outcome
in PR3-ANCA-positive vasculitis. Kidney Int 1995; 48: 844–850.

87. O’Donoghue DJ, Guickian M, Blundell G, et al. Alpha-1-proteinase inhibitor and pulmonary haemorrhage in
systemic vasculitis. Adv Exp Med Biol 1993; 336: 331–335.

88. Mahr AD, Edberg JC, Stone JH, et al. Alpha(1)-antitrypsin deficiency-related alleles Z and S and the risk of
Wegener’s granulomatosis. Arthritis Rheum 2010; 62: 3760–3767.

89. Lyons PA, Rayner TF, Trivedi S, et al. Genetically distinct subsets within ANCA-associated vasculitis. N Engl J
Med 2012; 367: 214–223.

90. Rahmattulla C, Mooyaart AL, van Hooven D, et al. Genetic variants in ANCA-associated vasculitis:
a meta-analysis. Ann Rheum Dis 2016; 75: 1687–1692.

91. Rooney CP, Taggart C, Coakley R, et al. Anti-proteinase 3 antibody activation of neutrophils can be inhibited by
alpha1-antitrypsin. Am J Respir Cell Mol Biol 2001; 24: 747–754.

92. Moxey JM, Low EV, Turner AM. Rare case of eosinophilic granulomatosis with polyangiitis in two patients with
alpha-1-antitrypsin deficiency (PiSZ). BMJ Case Rep 2016; 2016: http://dx.doi.org/10.1136/bcr-2015-214118.

93. Figueira Goncalves JM, D’Amato R. Antineutrophil cytoplasmic antibodies (ANCA)-negative vasculitis in a
patient with alpha-1-antitrypsin deficiency. Arch Bronconeumol 2016; 52: 172–173.

94. Hernandez Perez JM, Fumero Garcia S, Alvarez Pio A. Successful alpha1-antitrypsin replacement therapy in a patient
with alpha1-antitrypsin deficiency and granulomatosis with polyangiitis. Rheumatology (Oxford) 2013; 52: 755–757.

95. Flossmann O, Berden A, de Groot K, et al. Long-term patient survival in ANCA-associated vasculitis. Ann
Rheum Dis 2011; 70: 488–494.

96. Jayne D, Rasmussen N, Andrassy K, et al. A randomized trial of maintenance therapy for vasculitis associated
with antineutrophil cytoplasmic autoantibodies. N Engl J Med 2003; 349: 36–44.

97. Wegener’s Granulomatosis Etanercept Trial Research Group. Etanercept plus standard therapy for Wegener’s
granulomatosis. N Engl J Med 2005; 352: 351–361.

98. Magenau JM, Goldstein SC, Peltier D, et al. alpha1-Antitrypsin infusion for treatment of steroid-resistant acute
graft-versus-host disease. Blood 2018; 131: 1372–1379.

99. Cox DW. Transmission of Z allele from heterozygotes for alpha1-antitrypsin deficiency. Am J Hum Genet 1980;
32: 455–457.

100. Beckman G, Beckman L, Bjelle A, et al. Alpha-1-antitrypsin types and rheumatoid arthritis. Clin Genet 1984; 25:
496–499.

101. McCarthy C, Orr C, Fee LT, et al. Brief report: genetic variation of the alpha1-antitrypsin gene is associated with
increased autoantibody production in rheumatoid arthritis. Arthritis Rheumatol 2017; 69: 1576–1579.

102. Davis ID, Burke B, Freese D, et al. The pathologic spectrum of the nephropathy associated with alpha
1-antitrypsin deficiency. Hum Pathol 1992; 23: 57–62.

103. Noble-Jamieson G, Thiru S, Johnston P, et al. Glomerulonephritis with end-stage liver disease in childhood.
Lancet 1992; 339: 706–707.

104. Witt H, Kage A, Luck W, et al. Alpha1-antitrypsin genotypes in patients with chronic pancreatitis. Scand J
Gastroenterol 2002; 37: 356–359.

105. Rabassa AA, Schwartz MR, Ertan A. Alpha 1-antitrypsin deficiency and chronic pancreatitis. Dig Dis Sci 1995; 40:
1997–2001.

106. Gambichler T, Reich S, Banasch M, et al. Complex extra-intestinal complications of ulcerative colitis in a patient
with alpha1-antitrypsin deficiency. Eur J Med Res 2006; 11: 135–138.

107. Folwaczny C, Urban S, Schroder M, et al. Alpha1-antitrypsin alleles and phenotypes in patients with
inflammatory bowel disease. Scand J Gastroenterol 1998; 33: 78–81.

108. Pons Romero F, Casafont F, Rodriguez de Lope C, et al. Could alpha 1 antitrypsin deficiency have any role in the
development of celiac sprue after gastric operations? J Clin Gastroenterol 1986; 8: 559–561.

109. Klasen EC, Polanco I, Biemond I, et al. alpha 1-Antitrypsin and coeliac disease in Spain. Gut 1980; 21: 948–950.
110. Elzouki AN, Toth E, Floren CH, et al. Alpha1-antitrypsin deficiency may be a risk factor for duodenal ulcer in

patients with Helicobacter pylori infection. Scand J Gastroenterol 2000; 35: 32–35.
111. Lisowska-Myjak B, Pachecka J, Kaczynska B, et al. Serum protease inhibitor concentrations and total antitrypsin

activity in diabetic and non-diabetic children during adolescence. Acta Diabetol 2006; 43: 88–92.
112. Schardey HM, Hernandez-Richter T, Klueppelberg U, et al. Alleles of the alpha-1-antitrypsin phenotype in

patients with aortic aneurysms. J Cardiovasc Surg (Torino) 1998; 39: 535–539.

https://doi.org/10.1183/2312508X.10033118 141

RARE MANIFESTATIONS | A.N. FRANCIOSI ET AL.

Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)

https://doi.org/10.3899/jrheum.180591
https://doi.org/10.3899/jrheum.180591
http://dx.doi.org/10.1136/bcr-2015-214118
http://dx.doi.org/10.1136/bcr-2015-214118
http://dx.doi.org/10.1136/bcr-2015-214118
http://dx.doi.org/10.1136/bcr-2015-214118


113. Tanash HA, Ekstrom M, Wagner P, et al. Cause-specific mortality in individuals with severe alpha 1-antitrypsin
deficiency in comparison with the general population in Sweden. Int J Chron Obstruct Pulmon Dis 2016; 11:
1663–1669.

114. Fahndrich S, Biertz F, Karch A, et al. Cardiovascular risk in patients with alpha-1-antitrypsin deficiency. Respir
Res 2017; 18: 171.

115. Talmud PJ, Martin S, Steiner G, et al. Progression of atherosclerosis is associated with variation in the
alpha1-antitrypsin gene. Arterioscler Thromb Vasc Biol 2003; 23: 644–649.

116. Ablin JN, Bar-Shira A, Yaron M, et al. Candidate-gene approach in fibromyalgia syndrome: association analysis of
the genes encoding substance P receptor, dopamine transporter and alpha1-antitrypsin. Clin Exp Rheumatol 2009;
27: Suppl. 56, S33–S38.

117. Blanco IB, Astudillo A, Iglesias FD, et al. Intravenous infusions of purified alpha-1 antitripsyn effectively controls
symptoms and reverts muscle biopsy changes in an MZ alpha-1 antitripsyn deficiency and fibromyalgia syndrome
patient. J Musculoskelet Pain 2010; 18: 167–172.

118. Blanco I, Arbesú D, Kassam DA, et al. Alpha1-antitrypsin polymorphism in fibromyalgia syndrome patients from
the Asturias Province in Northern Spain: a significantly higher prevalence of the PI*Z deficiency allele in patients
than in the general population. J Musculoskelet Pain 2006; 14: 5–12.

119. Blanco I, Janciauskiene S, Nita I, et al. Low plasma levels of monocyte chemoattractant protein-1 (MCP-1), tumor
necrosis factor-alpha (TNFα), and vascular endothelial growth factor (VEGF) in patients with alpha1-antitrypsin
deficiency-related fibromyalgia. Clin Rheumatol 2010; 29: 189–197.

120. Alegre C, Barcelo M, Jardi R, et al. alpha1-Antitrypsin in fibromyalgia: results of a randomized,
placebo-controlled, double-blind and crossover pilot trial. Musculoskelet Care 2012; 10: 178–183.

Disclosures: N.G. McElvaney reports that he has been on advisory boards for CSL Behring, Grifols and Shire
on intravenous augmentation therapy for pulmonary manifestations of AATD, and with Arrowhead and Alnylam
for liver manifestations of AATD, but that he has had no involvement with any company with regard to
treatment of vasculitis and panniculitis associated with AATD.

142 https://doi.org/10.1183/2312508X.10033118

ERS MONOGRAPH | a1-ANTITRYPSIN DEFICIENCY

Purchased by ,  
From: European Respiratory Society Publications (reader.ersjournals.com)


