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Summary

Alpha-1 antitrypsin deficiency is a genetic disease that first highlighted the importance of protease
balance in normal lung homeostasis. Proteases such as neutrophil elastase are important in many
pulmonary diseases. However, the first commercially licensed anti-protease therapy was used for
emphysema in alpha-1 antitrypsin deficiency. The 4 commercial alpha-1 protease inhibitor prep-
arations in the United States are currently given intravenously to augment the serum and alveolar
epithelial lining fluid concentrations of alpha-1 antitrypsin. Since the discovery of alpha-1 antit-
rypsin deficiency in 1963, many genetic polymorphisms of the SERPINA1 gene have been discov-
ered. Because neutrophilic inflammation is the hallmark of usual COPD, anti-protease therapy also
has been explored in this disease. Further trials with different dosing schema, inhaled therapy, and
in different disease states are all ongoing. These studies would be facilitated by having COPD
outcomes that are independent of measurement of air flow and achievable in smaller populations
over a short period of time. Key words: antitrypsin; alpha-1; emphysema; protease; anti-protease;
alpha-1 protease inhibitor; A1PI; alpha-1 antitrypsin deficiency. [Respir Care 2018;63(6):690–698.
© 2018 Daedalus Enterprises]

Introduction and Historical Perspective

Alpha-1 antitrypsin deficiency is an uncommon genetic
disease associated with lung and liver disease. When first

discovered in 1963,1 the clinical condition was described
as causing emphysema in young individuals. Now, more
than 50 years later, we understand much about the biology
of alpha-1 antitrypsin, the major serine protease inhibitor
in the body. This review will cover how an astute laboratory
observation led to major advances in the pathobiology of
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emphysema. The concept that cigarette smoke induced acti-
vated neutrophils to transmigrate across endothelial barriers
to the lung to excrete the product neutrophil elastase was one
of the first real advances in understanding lung biology. The
protease/anti-protease balance in the lung remains one of the
targets for emphysema therapies to this day.

Proteases and Anti-Proteases

Proteases are a class of chemicals that degrade proteins
into peptides or further into amino acids. Because COPD,
including emphysema, is associated with loss of connec-
tive tissue proteins in the extracellular matrix, animal mod-
els were established in which protease excess was able to
cause emphysema. These same animal models were then
used to explore the impact of native proteins and pharma-
ceuticals on matrix degradation. The complexity of bio-
logic proteases that exist in animals, plants, and the mi-
crobial world is only now being explored. Recent
classifications of proteases have grouped them according
to biologic activity rather than along their evolutionary
relationships (Table 1).

Although research studies continue in the use of other
anti-proteases for lung disease, the remainder of this re-
view will focus on the clinical use and biology of alpha-1
antitrypsin. Alpha-1 antitrypsin was first named because
of the ability of this protein to inhibit the enzyme trypsin
in the laboratory. Trypsin, a pancreatic enzyme, is not
active in lung biology, but was first used in early models
of emphysema by intratracheal injection.2 On serum pro-
tein electrophoresis, the first band produced after albumin

was named alpha-1. The names alpha-1 antitrypsin and
alpha-1 protease inhibitor were used interchangeably by
researchers through the 1970s and 1980s, when there was
increasing recognition of the other proteases that could be
inhibited by the protein. The name alpha-1 protease inhib-
itor (A1PI) was advanced with the first drug submissions
to the FDA in 1987, and this label has been used in all
regulatory filings since. Both names are still used for the
protein, although the disease state is uniquely known by its
original name, alpha-1 antitrypsin deficiency.

Alpha-1 Antitrypsin Deficiency

Alpha-1 antitrypsin deficiency is an autosomal co-dom-
inant condition in which one or more abnormal genes are
present at the SERPINA1 locus located on chromosome
14q. There is a unique nomenclature that has been derived
over 50 years for the condition that began because of
abnormal protein detection on electrophoresis. The normal
protein is named “M” because of migration to the middle
of the electrophoresis. However, a number of wild-type
polymorphisms create normally functioning M protein. The
most common deficiency states result from single amino
acid substitutions: valine for glutamate at position 264
(Glu264Val) in the case of S variants and lysine for glu-
tamate at position 342 (Glu342Lys) for Z variants3 are
quite common in the United States affecting approximately
4% of the population. These genes cause a variety of dis-
tinct genotypes (eg, protease inhibitor SZ genotype, ab-
breviated PI*SZ or SZ) with unique characteristics when
seen in the homozygous condition or when admixed with
the normal M alleles. Other rare alleles designated QO that
cause missense mutations are called null alleles. The pro-
pensity for clinical disease is probably defined best by
genotypes rather than by single blood level of alpha-1
antitrypsin, because alpha-1 antitrypsin is an acute-phase
reactant.

Most of the research has been generated in a population
of ZZ individuals who have levels of alpha-1 antitrypsin in
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Table 1. Superfamilies of Proteases and Their Inhibitors

Protease Family
Mechanism of

Protein Destruction
Example Important

in Lung Biology
Anti-Protease Drugs

Cleared for Human Use

Serine proteases Serine alcohol Neutrophil elastase Alpha-1 proteinase inhibitor (A1PI)
Thrombin Direct thrombin inhibitors, antithrombin III

Cysteine proteases Cysteine thiol Hedgehog proteins
Threonine proteases Threonine secondary alchohol Proteosome biology Multiple myeloma therapy
Aspartic proteases Aspartate carboxylic acid Cathepsins

HIV-1 protease Antiretroviral therapy
Glutamic proteases Glutamate carboxylic acid None
Metalloproteases Metal (usually zinc) MMP-1, MMP-13 EDTA
Asparagine peptide lyases Asparagine to perform an elimination

reaction
None
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the blood that are 10–15% of normal. These individuals
will often develop COPD before age 40 if they smoke
cigarettes, although the majority of diagnosed cases occur
after age 50.4 There has historically been a large diagnos-
tic delay between onset of symptoms and the test being
performed despite guidelines that recommend testing once
in a lifetime for all individuals with COPD.5,6 Often this
delay has been associated with an alternative diagnosis of
asthma7-9 that fails to respond appropriately to therapy.10

Other significant populations of alpha-1 antitrypsin defi-
ciency individuals have normal spirometry with advanced
emphysema10 and abnormalities on chest computed to-
mography (CT), including bronchiectasis11 with or with-
out emphysema. The emphysema is typically of panacinar
type, although centrilobular disease can occur. As such,
the lower lung zones are usually affected.

When the protease/anti-protease balance of the lung ep-
ithelial lining fluid is disrupted by cigarette smoking and/or
alpha-1 antitrypsin deficiency, the alveolar structure can
be destroyed. Because this probably happens more aggres-
sively when the burden of neutrophils is highest around
exacerbations, avoidance of exacerbations is important in
alpha-1 antitrypsin deficiency. At the current time, there is
limited information on exacerbations in the alpha-1 antit-
rypsin deficiency population, and there are no current rec-
ommendations to treat them differently from the usual
COPD population.

Neutrophil-mediated airway inflammation that persists
after smoking cessation is common to alpha-1 antitrypsin
deficiency and usual COPD. One unique mechanism that
may be important in ZZ alpha-1 antitrypsin deficiency is that
the Z proteins may form polymers with each other inside the
hepatocyte and in serum. Polymers of alpha-1 antitrypsin can
stimulate influx of lung neutrophils through an interleukin-
8-dependent mechanism.12,13 When added to the impact of
neutrophil elastase that stimulates alveolar macrophages to
release LTB4, a potent PMN chemoattractant14 in a positive
feedback loop, most patients with alpha-1 antitrypsin defi-
ciency have a neutrophil-rich lung. Cigarette smoke oxidizes
alpha-1 antitrypsin, and this fact is one rationale behind en-
suring smoking cessation before augmentation therapy. This
fact has also been important to the usual COPD field, in
which oxidation of alpha-1 antitrypsin in the alveolar mi-
croenvironment might be sufficient to induce emphysema in
the absence of serum deficiency.

Outcome Measures to Assess Emphysema

Panacinar emphysema is sometimes difficult to see and
differentiate from hyperinflation. Therefore, computer anal-
ysis of emphysema severity and distribution has been used
to define emphysema-modulating therapies.15 CT density
is not highly correlated with traditional measures used in
COPD that measure airway function, such as FEV1. A

study by Dirksen et al15 showed that CT densitometry
change required less than one quarter the number of sub-
jects needed to define emphysema progression compared
with traditional FEV1 decline, a breakthrough with impli-
cations for emphysema research that was acknowledged
by the FDA.16 This is important because CT density is
associated with mortality,17 whereas traditional measures
of lung function such as FEV1 are not.

Another potential outcome measure is diffusion of the
lung for carbon monoxide (DLCO). Historically, DLCO has
proved difficult to use in clinical trials because of site-to-
site and test-to-test variability. However, DLCO is usually
abnormal, even when spirometry is normal, when signif-
icant emphysema is present.

Treatment for Alpha-1 Antitrypsin Deficiency

The natural history of alpha-1 antitrypsin deficiency is
clearly better when individuals avoid fumes, particulates,
and tobacco. Vaccinations against pneumococcal infection
and influenza are recommended. Supportive care, includ-
ing oxygen, antibiotics, bronchodilators, corticosteroids,
and pulmonary rehabilitation, are used no differently than
in usual COPD. Surgery using lung volume reduction is
not recommended in this population, although studies us-
ing some new bronchoscopic lung volume reduction op-
tions may have promise. Lung transplantation remains an
option for this younger population with advanced COPD.

Alpha-1 Augmentation Therapy

Augmentation of A1PI in severely deficient individuals
began at the National Institutes of Health.18 Unlike other
COPD therapies, A1PI is derived from pooled plasma and
thus requires an infrastructure that includes plasma collec-
tion from individuals without infectious or malignant dis-
eases. Plasma storage until a second donation occurs from
the same plasma donor ensures that no infectious diseases
have been acquired and that the plasma is safe to enter the
plasma pool. Further testing of the pooled plasma for patho-
gens is done to ensure safety. No case of acquired infec-
tion from A1PI infusion has been published in the subse-
quent 30 years.

There are 4 A1PI products on the United States market
that were all cleared by the FDA on the basis of biochem-
ical parity with Prolastin, the first agent (Aralast, Glassia,
Prolastin-C, and Zemaira). In addition to regulatory con-
trol of manufacturing processes that differ by drug, infu-
sion into disease-affected subjects was performed to show
volume of distribution, serum half-life, and trough serum
levels comparable with those of Prolastin. Differences in
carbohydrate side chains between products have no known
clinical impact. Each new product on the market subse-
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quent to licensure has been required to show clinical ef-
ficacy.

In the late 1980s, plasma-purified alpha-1 antitrypsin
was safely delivered intravenously to patients with defi-
ciency to achieve plasma levels exceeding a theoretical
protective threshold of 11 �M (57 mg/dL).19 This target
concentration was derived from median levels detected in
alpha-1 antitrypsin deficiency SZ individuals. The SZ in-
dividuals typically do not develop pulmonary disease in
the absence of smoking;20 thus, it was argued that aug-
mentation to this level is sufficient to protect the lungs
from emphysema progression. This threshold is now being
reexamined, in part based on data indicating that MZ in-
dividuals have an excessive risk of COPD if they smoke.21

Regardless of targets chosen during these research studies,
there is no clinical benefit to measuring serial blood levels
of alpha-1 antitrypsin in patients receiving augmentation
therapy because the pharmacokinetics of the drug are rel-
atively stable, and fluctuations reflect transient effects from
the role of alpha-1 antitrypsin as an acute-phase reactant.

Prospective randomized double-blind clinical trials have
now shown that emphysema progression is slowed using
once-weekly intravenous A1PI at a dose of 60 mg/kg.22 The
RAPID study showed that A1PI (Zemaira) slowed the rate of
CT density decline over 2 y, as measured by the percentile
density at 15% when the CT was taken at total lung capacity.
Moreover, the slope of CT density decline, which was fast in
the placebo group, returned to a slower decline after open
label drug was used for an additional 2 y23 (Fig. 1). No
secondary outcomes, including FEV1, were affected. Other
similar prospective randomized controlled studies are ongo-

ing, although the ethics of having a placebo arm have been
questioned.

Other observational studies add perspective to augmen-
tation therapy. The NIH Registry enrolled 1,129 individ-
uals at baseline evaluation and followed the majority for
5 y to define the natural history of alpha-1 antitrypsin
deficiency, on or off augmentation therapy. The subset of
individuals receiving augmentation therapy with baseline
FEV1 values between 31 and 65% predicted had a smaller
loss of FEV1 compared with the FEV1 decline values of
subjects not receiving augmentation. More impressively,
there was higher mortality in those never receiving aug-
mentation therapy compared with those who did.24 This
signal was almost exclusively seen in individuals who had
a baseline FEV1 �50% predicted.

Most of the trials tested the standard dose of 60 mg/kg
administered as a weekly infusion because it maintained
the serum levels above the theoretical protective threshold
of 11 �M.19,25 Healthy individuals have levels of alpha-1
antitrypsin that are much higher. Two ongoing trials
(NCT01983241 and NCT02722304) are evaluating
120 mg/kg intravenous weekly doses that produce levels
similar to normal.26

Adverse events due to therapy have been recorded. The
most common of these include chills, urticarial rashes,
fatigue, nausea, and vomiting reported in 124 of 58,000
infusions (0.002%).27 Because the drugs are manufactured
from plasma, small amounts of IgA can be present. Indi-
viduals who are IgA-deficient can have anaphylaxis; there-
fore, routinely testing a serum IgA level before initiation
of therapy is recommended. A rare episode of IgE-medi-
ated anaphylaxis has also been recorded.28 First infusions
are recommended to be in a supervised setting. The major
problems with therapy are intravenous access, infusion
burdens, and cost.

Inhaled and Recombinant Alpha-1 Antitrypsin
Deficiency Therapy

Importantly, new attempts at recombinant therapy are
ongoing. To date, these have been complicated by intol-
erance due to allergy from small impurities from the par-
ent cell lines. In addition, recombinant products have shown
a shorter half-life once carbohydrate side chains are re-
moved.29-31 The advantage of having a recombinant ther-
apy would be lower manufacturing costs compared with
the overhead associated with plasma fractionation.

There have also been many studies of inhaled alpha-1
antitrypsin. These have shown high concentrations in ep-
ithelial lining fluid and the airways and would allow smaller
total doses of drug to be used. Inhaled drug is known to
cross into the lung interstitium.32 The major problem with
this therapy has been that emphysema end points remain
extraordinarily expensive to measure over 2–3 y of any
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Fig. 1. The intravenous augmentation treatment and lung density
in severe alpha-1 antitrypsin deficiency (RAPID) study randomized
subjects to intravenous alpha-1 protease inhibitor (A1PI) or pla-
cebo for 2 y, measuring lung density by percentile density at 15%
at total lung capacity (TLC). The slope of lung density decline was
greater in the placebo arm. At 2 y, subjects in the placebo arm
were transitioned to A1PI in an extension phase of the study. The
slope of the placebo group before and after therapy is different.
Data from References 22 and 23.
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phase-3 clinical trial. However, twice daily inhaled ther-
apy is preferred by patients compared with once weekly
intravenous therapy.33

Patient Outcomes and Cost-Effectiveness

Despite anecdotal reports by patients of improved cough,
exacerbation frequency, and well-being, these changes in
patient reported outcomes have not been shown in ran-
domized controlled trials. Furthermore, cost remains a bar-
rier to performance of A1PI trials in usual COPD. Models
measuring cost-effectiveness have estimated a cost per qual-
ity adjusted life year of $59,234 to $248,36134 for the
5–11 y gained in generated models.35

Costs of the infusion can be reduced by self-infusion.
Doses �60 mg/kg at intervals longer than weekly fail to
maintain trough serum levels that are above the theoretical
protective threshold36-38 and are associated with higher
level of variability.39,40 Nevertheless, prescription inter-
vals of 120 mg/kg every 2 weeks are often in use, partic-
ularly around travel.

Other Genotypes of Alpha-1 Antitrypsin Deficiency

Findings that individuals with one copy of the Z allele
(MZ carriers) have an increased risk of emphysema if they
have ever smoked have raised the question of whether they
should be treated with augmentation therapy.41 Because av-
erage MZ baseline serum levels (�20 �M, or �100 mg/dL)
are already twice the theoretical protective threshold for ZZ
individuals (�11 �M, or �57 mg/dL), no studies using clin-
ical outcomes have been done. Therefore, there are no ob-
jective data to recommend A1PI therapy in MZ individuals
despite this frequent practice.41

Individuals with other deficiency genotypes also have
few studies. Patients with combinations of S, I, QO, or F
alleles with a Z allele are often given augmentation ther-
apy on theoretical grounds. Some SZ individuals have
been included in the above randomized trials because ap-
proximately 10% of SZ individuals have serum levels of
alpha-1 antitrypsin � 11 �M.42

Lung Transplantation

The role for augmentation therapy in the setting of lung
transplantation remains controversial.43 One argument sug-
gests that A1PI augmentation should not be given because
it took many years to develop emphysema severity suffi-
cient to require augmentation. The alternative argument is
that there is a high protease burden in lung transplant
rejection, and therefore, A1PI in this rare population may
improve lung inflammation. A prospective study is ongo-
ing (NCT02614872).

Bronchiectasis

Airway infections are associated with a large protease
burden in individuals with clinically important bronchiec-
tasis. This target has been studied in small cystic fibrosis
and alpha-1 antitrypsin deficiency cohorts with inhaled or
intraveous A1PI. Bronchiectasis due to Mycobacterium
avium complex has been found to be increased in preva-
lence in MZ genotypes.44 However, no studies of augmen-
tation therapy as primary or adjunctive therapy for M. avium
complex have been performed.

Summary

Currently available alpha-1 antitrypsin augmentation
therapy is burdensome and costly for the community of
individuals living with and caring for alpha-1 antitrypsin
deficiency. There is an interest in novel therapies to restore
protease/anti-protease balance in the lungs of patients with
usual COPD; however, the biomarker outcomes necessary
to determine the COPD endotypes likely to benefit have
not been developed. Clinical trials in alpha-1 antitrypsin
deficiency are difficult to enroll because of disease rarity.
In addition, many individuals receiving augmentation ther-
apy decline to stop therapy for placebo-controlled studies.
Clinical trials are facilitated in the United States from the
Alpha-1 Foundation Research Registry and Alpha Coded
Testing Study that are funded by the Alpha-1 Foundation.
Cost effectiveness of intravenous augmentation therapy
needs to be improved, and aerosol administration is the
most likely candidate to achieve this aim if expensive
regulatory burdens can be lessened. The current standard
of once weekly intraveous augmentation therapy with
pooled plasma alpha-1 antitrypsin will continue to define
the next decade of specific therapy for alpha-1 antitrypsin
deficiency.

With all of the burdens associated with the disease al-
pha-1 antitrypsin deficiency, the focus of the pulmonary
community should be to identify affected individuals. By
identifying families with this disease, early intervention
around cigarette smoking will prevent COPD. Further-
more, more patients identified will lower the costs and
burdens of therapy by facilitating the next generation of
anti-protease therapies.
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Discussion

Lugogo: That was a great talk. I tried
to get a routine alpha-1 antitrypsin test-
ing program going, and there was sig-
nificant resistance. It was a free test,
the spot test that could be collected in
the clinic and sent out. We went
through the rigors of getting it cleared
in the system, including the ability to
order the test within the electronic
medical record. In addition, we were
able to scan the results into medical
records. However, there were a num-
ber of our colleagues who would not
agree to have patients who came in
for routine pulmonary function test-
ing undergo alpha-1 testing based on
a protocol. So, I feel like it’s an uphill
battle in terms of uptake by general
pulmonary, specifically with regard to
incorporating routine screening tests
like this into our practices. Are there
any suggestions perhaps about how
to really bring the community along
to offer this testing on a routine ba-
sis to all people at risk for alpha-1
deficiency?

MacIntyre: Charlie, before you an-
swer that, I’d like to comment on the
pushback from clinicians regarding
routine screening. I think the push-
back comes (and I’m not saying I’m
for or against it) from data (or lack
thereof) in your presentation. You
showed that the FEV1 decline seems
slower and the protease levels get bet-
ter and, in the very sick patients, you

show soft data that you may actually
impact mortality. But the vast major-
ity of these patients, they don’t know
anything is happening to them other
than that their numbers are getting bet-
ter. Don’t you think you need some
data that say their clinically important
outcomes get better? Their exacerba-
tions go down, their hospitalizations
decrease, they walk farther, they ex-
ercise better, and/or they have better
quality-of-life scores in order to sell
this product? I think the reason people
get concerned about routine screening
is they’re scared that a patient with
COPD with an FEV1 of 0.60 is going
to be told they have alpha-1 antitryp-
sin deficiency and they’re going to im-
mediately demand they get this
$100,000/year therapy. I may be get-
ting old, but drugs, especially expen-
sive drugs that are being cleared on
numbers only and not real outcomes,
really make me nervous. My favorite
story has nothing to do with obstruc-
tive airways disease, but is from the
ARDSNet study.1

Williams: I wondered about the
same thing. I assume this is a geno-
typic test, and I don’t know anything
about the cost, but has it been evalu-
ated, or is there some strategy about
testing and follow-up? Have those
kinds of things been considered if there
is pushback?

Strange: Let’s address these sepa-
rately, because I believe we should

really separate making a diagnosis
with all the benefits to a family and
the therapeutic decision that Neil [Ma-
cIntyre] has rightly suggested has
modest benefits. Alpha-1 diagnostic
testing can be done with an alpha-1
antitrypsin level that costs $17 at my
Veterans Affairs hospital. How many
other ways do we spend $17 in COPD
care? With that, we’re going to iden-
tify the SZs and the ZZs with high
accuracy, but we’re going to miss the
MZ carriers. Remember that about
10% of the patients with COPD in our
clinic are carriers and could have
brothers, sisters, and other family
members affected. We have taken the
tactic that gene-based testing–getting
the genotype letters associated with
your alpha-1 antitrypsin status–is im-
portant for the remainder of family
testing. But those are $250 tests. If the
companies weren’t offering it for free,
we would probably retract back to an
alpha-1 antitrypsin level as the right
testing strategy. There’s no question
that there’s a linkage between making
a diagnosis and getting therapy, and
there is some pushback on the basis
of, “We don’t believe in the therapy;
therefore, we shouldn’t test,” and I re-
ally think that is misguided. So, with
all of those caveats, we have benefits
of getting the diagnosis and the bur-
den of the treatment issue. Those are
the strategies the alpha-1 antitrypsin
community has been pushing with lim-
ited success. There were approxi-
mately 500,000 alpha-1 antitrypsin
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tests done in the past 3 years, so we’re
making some progress. We think there
are a lot of patients who are diagnosed
with very mild disease and don’t get
therapy, and that would be the goal.
You could tell your kids not to smoke,
and you have a reason. There are lots
of good reasons not to smoke, but the
smoking cessation rates are phenom-
enal in the alpha-1 antitrypsin popu-
lation, objectively studied. We think
we can get smoking cessation to oc-
cur at a 95% level, which is much
higher than the general population.

MacIntyre: I’m holding your feet to
the fire here. You get a patient with
COPD, he has stopped smoking, is not
particularly symptomatic, has an FEV1

of 50% of predicted and you do the
test on him and he is ZZ. Are you
going to treat him? Virtually asymp-
tomatic and the FEV1 is not bad.

Strange: Let me answer that with re-
spect to the CT density issues. CT den-
sity has been studied in a large data-
base in the United Kingdom called the
ADAPT database that has about
20 years of CT density data.2 The au-
thors have shown that the correlates
of mortality are not FEV1, and they
are not exacerbation frequency. In-
stead, emphysema density decline
matters. Emphysema severity corre-
lates with mortality in the ADAPT da-
tabase, and very few other things do.
In our alpha-1 antitrypsin population,
there are few correlations between
FEV1, the measure that we all use for
many of our usual COPD therapies,
and outcomes. Neil is right that we
really need to bring it back down to an
outcome that matters. The problem
here is that the only outcome that we
can show good data on is mortality,
and its correlate is CT density and not
symptoms.

MacIntyre: But you didn’t answer
my question, are you going to treat
this person?

Strange: I do not automatically treat
anyone. This is where shared decision
making enters the equation. I often fol-
low individuals for a few years and
see how they’re doing.

MacIntyre: This begs my next ques-
tion, which is the one that bothers me
the most. What do you tell this patient
when he says, “I read your papers that
this saves lives and why won’t you
give me this drug?”

Strange: The Alpha-1 Antitrypsin
Foundation just put out a statement,
and it’s on their website, that the avail-
able therapies produce modest bene-
fit, and the burdens should not be un-
derstated. We did not talk about the
burdens, but they include weekly in-
travenous infusions, the $100,000 cost,
and who’s going to pay for it. I’m
happy to go on record that we need
better therapies for alpha-1 antitryp-
sin. We have an expensive drug and a
rare disease. If our studies were ap-
plied to a larger group of patients, the
community might be able to do better
studies than the ones we’ve been lim-
ited by cost to do.

Peters: Let me ask you, since we see
patients in our lung transplant program
who have emphysema who have never
smoked: Can someone have an MM
genotype who actually has non-func-
tional alpha-1 antitrypsin protease in-
hibitor? Can we test for it, and do they
genetically pass it on?

Strange: In our study of people with
alpha-1 antitrypsin deficiency and nor-
mal spirometry, about 75% of them
have emphysema on a CT scan. Em-
physema precedes spirometric abnor-
malities. We think some of these peo-
ple with emphysema should be tested.
Right now, because they don’t have
air-flow obstruction, they don’t fit into
the diagnosis of COPD. That’s a dif-
ferent topic, but we have a lot of symp-
tomatic patients with normal spirom-
etry.

Peters: We saw a patient with MM
but who seemed to clinically have al-
pha-1 antitrypsin disease. Do we test
for all genotypes that cause the disor-
der, and if the test comes back show-
ing MM, how do we know if the pro-
tein is functional? What if it’s not
folded properly and it’s not working?
Is there a functional assay?

Strange: There are 500 other alleles
that have been identified other than
the normal M variants. S, Z, I, and F
alleles are the ones currently being
tested. Without sequencing the gene,
you’re not going to test all 500. We
have a functional assay, but these are
actually very difficult to perform.

Donohue: What about exacerbations?

Strange: Exacerbations in the al-
pha-1 antitrypsin population are not
very well understood, and just like in
the usual COPD population, they’re
very heterogeneous. Nobody has done
large enough cohorts to actually get sta-
tisticallysignificantexacerbationsignals
out of any of the studies that have been
done to date. The Kamada study3 on
inhaled therapy had �100 subjects in
each arm; it was not a large study. CSL
Behring using their product Zemaira in
the RAPID study4 had more severe ex-
acerbations in the treatment versus the
placebo arm, although not a statistically
significant number. My bias is that we
need to specifically study the anatomy
of an exacerbation in alpha-1.

Wise: What are your thoughts about
neonatal screening for alpha-1? It seems
to me that that would make more sense.

Strange: When we talk to the neo-
natal panel that governs Baby’s First
Test, they say this is the perfect dis-
ease to disease everybody in America
at age 10 before they start smoking.
Unfortunately, we have no other ge-
netic test that we apply to all 10-year-
olds in the United States, so they
wanted to develop a whole new par-
adigm. Alpha-1 is now cleared for re-
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porting on 23andme.com, so we get a
lot of referrals from them and other
test your genes panels. The neonatal
tests on average have an assay that
costs on the order of $0.30. We might
be able to get an alpha-1 level down to
$5. However, we would still need a dem-
onstration project to show that we alter
in a meaningful way infantile liver dis-
ease presentations or some other impor-
tant outcome, such as smoking behav-
ior, before it ends up on the panel.

Wise: So right now it’s…?

Strange: Right now we are left with
the historical Swedish birth testing co-
hort and results from a small Oregon
testing program, and they’re the only
ones we have.

Rubin: Excellent presentation as al-
ways. As a pediatric pulmonologist sit-
ting here, just a quick note that alpha-1

antitrypsin in infants and children is liver
disease. And I don’t believe they’ve ever
reliably reported on lung disease asso-
ciated with alpha-1 antitrypsin defi-
ciency in and of itself in children or
even in young adolescents.

Strange: We have wondered whether
there is an excess allele frequency in
asthma; it has not been well studied,
and we do not have adequate data to
support that hypothesis.

Rubin: And similarly, we wonder
whether some of the rapid decliners in
cystic fibrosis are due to an excess of
neutrophil elastase with or without ab-
normalities in alpha-1 protease inhib-
itor.

Strange: Individuals with genetic
abnormalities of both cystic fibrosis
transmembrane regulator and alpha-1
have been described.
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