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The rationale of α1-antitrypsin (AAT) augmentation therapy to
treat progressive emphysema in AAT-deficient patients is based
on inhibition of neutrophil elastase; however, the benefit of this
treatment remains unclear. Here we show that clinical grade AAT
(with elastase inhibitory activity) and a recombinant form of AAT
(rAAT) without anti-elastase activity reduces lung inflammatory
responses to LPS in elastase-deficient mice. WT and elastase-
deficient mice treated with either native AAT or rAAT exhibited
significant reductions in infiltrating neutrophils (23% and 68%),
lavage fluid levels of TNF-α (70% and 80%), and the neutrophil
chemokine KC (CXCL1) (64% and 90%), respectively. Lung paren-
chyma TNF-α, DNA damage-inducible transcript 3 and X-box bind-
ing protein-1 mRNA levels were reduced in both mouse strains
treated with AAT; significantly lower levels of these genes, as well
as IL-1β gene expression, were observed in lungs of AAT-deficient
patients treated with AAT therapy compared with untreated
patients. In vitro, LPS-induced cytokines from WT and elastase-
deficient mouse neutrophils, as well as neutrophils of healthy
humans, were similarly reduced by AAT or rAAT; human neutro-
phils adhering to endothelial cells were decreased by 60–80% (P <
0.001) with either AAT or rAAT. In mouse pancreatic islet macro-
phages, LPS-induced surface expression of MHC II, Toll-like recep-
tor-2 and -4 were markedly lower (80%, P < 0.001) when exposed
to either AAT or rAAT. Consistently, in vivo and in vitro, rAAT
reduced inflammatory responses at concentrations 40- to 100-fold
lower than native plasma-derived AAT. These data provide evi-
dence that the anti-inflammatory and immunomodulatory proper-
ties of AAT can be independent of elastase inhibition.
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Alpha1-antitrypsin (AAT) is the prototypic member of the
serpin superfamily and one of the most abundant serine

protease inhibitors in the circulation (1). As an acute-phase
protein, AAT is thought to play an important role in limiting
host-tissue injury triggered by proteases, particularly neutrophil
elastase (NE). The clinical relevance of AAT is highlighted in
individuals with inherited deficiency in circulating AAT, who have
increased susceptibility to early-onset pulmonary emphysema,
liver and pancreatic diseases, and in rare cases to panniculitis
and vasculitis (2). It has been assumed that in AAT-deficiency
the protease/antiprotease balance is shifted toward NE, which
leads to extensive tissue damage, particularly in causing emphy-
sema. Therefore, augmentation of circulating AAT was intro-
duced 25 y ago to treat emphysema patients with severe PiZZ
(Glu342Lys) AAT deficiency (3). Because clinical trials of AAT
augmentation therapy use historical data as controls, the benefit
of AAT therapy for PiZZ patients remains under debate (4–6),
although in most cases therapy offers disease stabilization. The
uncertainty surrounding the efficacy of augmentation therapy also
reflects the incomplete understanding of the properties of the

AAT protein, which can be affected by the isolation methods
from plasma.
Although the administration of exogenous human plasma-

derived AAT is used in experimental models to validate the
putative benefit of AAT augmentation therapy, plasma-derived
AAT also suppresses inflammatory and immunomodulating path-
ways that appear to be independent of elastase inhibition (reviewed
in refs. 7 and 8). For example, the addition of exogenous AAT in
vitro inhibits the release of IL-8 by monocytes (9) and the ex-
pression of HIV-1 (10). In animal models, the administration of
AAT prevents murine islet cell allografts from rejection (11),
blocks β-cell apoptosis (12), and suppresses alloreactivity in al-
logeneic marrow transplantation models (13, 14). In other
models, AAT therapy reduces TNF-α– or endotoxin-induced
lethality, cigarette smoke-induced emphysema and inflam-
mation, and suppresses bacterial proliferation during infec-
tions (15–17).
Whereas studies suggest that the anti-inflammatory properties

and immunomodulating effects of AAT are unrelated to in-
hibition of elastase, there is no direct proof of this. Therefore, we
examined the effects of clinical grade AAT with anti-elastase
activity and a recombinant form of AAT (rAAT), which lacks the
ability to inhibit elastase. We used the model of LPS-induced
acute lung injury in WT and NE-deficient mice. Additional
studies were carried out in blood-derived neutrophils isolated
from healthy humans or bone marrow neutrophils from either WT
or NE-deficient mice. Changes in surface expression of immune
markers Toll-like receptor (TLR)4, TLR2, and MHC II on mac-
rophages from mouse pancreatic islet cells were also studied.

Results
AAT Reduces LPS-Induced Acute Lung Inflammation in WT and NE-
Deficient Mice. As expected, the inflammatory response in WT
mice challenged with LPS resulted in a significant increase in
bronchoalveolar lavage (BAL) elastase activity, whereas mice
pretreated with AAT (Prolastin) exhibited no elastase activity
(Fig. S1A). As shown in Table 1 and Fig. 1A, intranasal LPS
increased total BAL cells by sixfold (P < 0.001) and the percent
of neutrophils (by 80%) relative to controls or Prolastin-treated
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mice. Treatment with LPS also increased numbers of eosinophils
(by 2.5%, P < 0.05) and lymphocytes (by 2%), whereas there
was a decrease of 88% (P < 0.001) in macrophages (Table S1).
However, 24 h after LPS, WT mice pretreated with 2 mg of Pro-
lastin exhibited reduced BAL neutrophils of 23% (P < 0.05) and
markedly lower levels of BAL TNF-α (70%) and cytokine KC
(CXCL1) (64%) compared with LPS plus vehicle (Fig. 1). There
was a similar decrease in total BAL cells (by about 45%) as
well as BAL neutrophils (65%), TNF-α (77%), and KC (86%)
in NE-deficient mice pretreated with Prolastin (Fig. 1 and
Table 1). Noticeably, baseline levels of lymphocytes were
found to be higher in NE-deficient mice relative to WT mice.
However, when NE-deficient mice were challenged with LPS
or with LPS after pretreatment with Prolastin, lymphocyte
numbers did not change significantly (Table S1).

Recombinant AAT Lacking Elastase Inhibition Suppresses Acute Lung
Injury. We next examined the effects of rAAT, which is fused to
the Fc of IgG1 and lacks the ability to inhibit elastase (SI Materials

and Methods and Fig. S1B). WT mice were pretreated with 50 μg
of rAAT intranasally for 24 h followed by intranasal challenge
with LPS. There was a decrease of 30% (P < 0.05) in BAL
neutrophils after 24 h. Similarly, there were lower levels of TNF-α
and KC in the BAL fluid; mean KC decreased from 153 ± 30.5 to
21.8 ± 8.7 pg/mg protein (86% decrease, P < 0.01) and TNF-α
decreased from 149 ± 35 to 27 ± 10 pg/mg protein (89% de-
crease, P < 0.01).
The experiment was repeated in mice deficient in NE. As

shown in Fig. 2A, pretreatment of NE-deficient mice with 50 μg
rAAT suppressed LPS-induced BAL fluid neutrophils by 48%
(Fig. 2A, open bars). In comparison, in mice pretreated with
2 mg of Prolastin (40-fold more than rAAT), neutrophil numbers
decreased by 68%. We also observed a decrease in BAL fluid
TNF-α of 64% (Fig. 2B) and KC of 56% (Fig. 2C) in the NE-
deficient mice receiving 50 μg rAAT. For comparison, the
decreases in BAL fluid KC and TNF-α in NE-deficient mice
pretreated with 2 mg of Prolastin from Fig. 1 are shown in Fig. 2.
Thus, rAAT without the ability to inhibit elastase reduced cel-
lular infiltration and cytokine levels at a dose 40-fold lower than
that of Prolastin.

LowerProinflammatoryGeneExpression in LungTissueofMicePretreated
with AAT. mRNA was prepared from whole lung tissue and ex-
pression of inflammation-associated genes was measured using
quantitative real-time RT-PCR. Compared with controls
(Fig. 3A), WT mice challenged with LPS increased the relative

Fig. 1. Neutrophil infiltration and cytokine levels in BAL fluid in WT and NE-
deficient mice. Twenty-four hours before LPS challenge, WT mice were
treated with 2 mg of AAT (Prolastin). (A) Mean ± SD percent of neutrophils
of total cells in WT (n = 8) and NE-deficient mice (n = 7). (B) Mean ± SD levels
of TNF-α and KC in WT and NE-deficient mice (n = 8 per group). The statis-
tical significance values are between LPS in the presence and absence of AAT
treatment. The data are from the same samples shown in Table 1.

Fig. 2. Comparison of AAT to rAAT in LPS-induced acute lung injury in NE-
deficient mice. NE-deficient mice were intranasally pretreated with rAAT (50
μg per mouse, 13 per group, open bars) or AAT (2 mg Prolastin, 7 per group,
filled bars) 24 h before LPS challenge and BALfluid obtained after an additional
24 h. (A) Mean ± SD percent of neutrophils. (B) Mean ± SD TNF-α levels per
milligram of BAL protein. (C) Mean ± SD KC levels. Data for AAT (Prolastin)-
treated NE-deficient mice are taken from Fig. 1 and shown for comparison.

Table 1. BAL cells in WT and NE-deficient mice

Condition WT NE-deficient

Vehicle 2.66 ± 1.3* 7.87 ± 0.63
LPS 16.27 ± 6.8** 35.40 ± 14.4**
AAT-LPS 7.66 ± 3.4*** 19.98 ± 8.0***
AAT 4.96 ± 1.3 9.70 ± 6.7

n = 8 per group. *BAL cells × 105; **P < 0.001 difference between vehicle
and LPS; ***P = 0.008 and P = 0.037, difference between LPS and AAT-LPS in
WT and NE deficient, respectively.
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expression of TNF-α (24.5-fold, P = 0.002), DNA damage-in-
ducible transcript 3 (DDIT3; 6.6-fold, P = 0.01) and X-box binding
protein-1 (XBP1; 1.6-fold, not significant). Similarly, treatment of
NE-deficient mice with LPS resulted in enhanced relative ex-
pression of TNF-α (42.8-fold, P < 0.001), DDIT3 (2.25-fold, P <
0.001), and XBP1 (1.36-fold). WT mice pretreated with Prolastin
exhibited a decrease in LPS-induced mRNA levels of 92% for
TNF-α, 90% for DDIT3, and 59% for XBP1. In NE-deficient
mice, pretreatment with Prolastin led to a reduction in LPS-in-
duced expression of 26% for TNF-α, 33% for DDIT3, and 26%
for XBP1. Thus, Prolastin reduces the expression of selected genes
following inflammatory response to LPS in either WT or NE-
deficient mice.

Lower Proinflammatory Gene Expression in Lungs from AAT-Deficient
Patients Treated with Augmentation Therapy. The changes in gene
expression observed in the lungs of mice treated with Prolastin
following LPS were mirrored in the laser-microdissected areas of
lungs from ZZ AAT deficiency-related emphysema patients
treated with augmentation therapy. There was lower expression
of DDIT3 (2.4-fold, P = 0.025), XBP1 (52.1-fold, P = 0.052),
activating transcription factor 4 (ATF4) (10.7-fold, P = 0.05),
and IL-1β (18%, P = 0.054) compared with nontreated patients
(Figs. S2 and S3).

Comparison of AAT and rAAT on LPS-Induced Release of TNF-α and KC
from WT and NE-Deficient Mouse Bone Marrow Neutrophils. As il-
lustrated in Fig. 4, when WT or NE-deficient neutrophils were
pretreated with rAAT before the addition of LPS, the release of
TNF-α was decreased (42% and 24%, respectively) compared
with LPS. The release of KC also decreased (57% and 40%,
respectively). We observed a similar reduction in TNF-α from
either WT or NE-deficient neutrophils exposed to Prolastin but
at a higher concentration compared with rAAT (Fig. 4A). In-
creasing the concentration of Prolastin to 1 mg/mL lowered
LPS-induced TNF-α (by 55% and 43%, respectively) and KC
(by 60%, P = 0.03) in WT mice. At 2 mg/mL of Prolastin, LPS-
induced KC release in NE-deficient mice decreased (47%,
P = 0.04).

Comparison of AAT and rAAT on LPS-Induced Release of TNF-α and IL-8
from Human Neutrophils. Freshly isolated human blood neutrophils
from healthy subjects were incubated for 8 h with LPS with and
without increasing concentrations of AAT (Prolastin) or rAAT.
As shown in Fig. 5A, at 1 mg/mL Prolastin reduced the release of
LPS-induced TNF-α by 46% (P = 0.002) and of IL-8 by 29% (P =
0.024). However, rAAT at markedly lower concentrations of
10 μg/mL reduced TNF-α by 41% (P = 0.005) and IL-8 release by
40% (P = 0.05). For IL-8, a similar reduction was observed with
either Prolastin or Aralast concentrations of 1 mg/mL, compared
with 10 μg/mL of rAAT (a 100-fold difference) (Fig. 5C). For
TNF-α, comparable reductions were achieved at 200-fold lower
concentrations of rAAT relative to Prolastin and Aralast.
Because engagement of Fc receptors on neutrophils can result

in release of IL-8 (18), we blocked the Fc domain on rAAT.
Recombinant AAT retained its ability to reduce LPS-induced

Fig. 3. (A–C) AAT reduces proinflammatory gene expression in lung tissue
following LPS challenge in WT and NE-deficient mice. Before LPS challenge,
WT mice (n = 6) and NE-deficient mice (n = 12) were pretreated for 24 h with
2 mg of intranasal AAT (Prolastin) per mouse. Twenty-four hours after LPS
challenge, mRNA was prepared from whole lung tissue. The relative gene
expression in each group is shown as the mean ± SD.

Fig. 4. AAT and rAAT reduce LPS-induced release of cytokines from mouse
neutrophils in vitro. Bone marrow-derived mouse neutrophils (2 × 106 per
mL) were preincubated for 1 h with and without AAT (Prolastin) or rAAT and
then stimulated with LPS (10 ng/mL) for 8 h at 37 °C. Mean ± SE levels of (A)
TNF-α and (B) KC released from neutrophils of WT (n = 6) and NE-deficient
(n = 8) mice. Concentrations of Prolastin and rAAT are indicated. Zero
indicates LPS without either AAT or rAAT.
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IL-8 in the presence of an Fc receptor blocker (Figs. S4 and S5)
or 1% serum (Fig. S6), supporting the concept that the Fc do-
main of rAAT does not contribute to the anti-inflammatory
potency of rAAT. In addition, we used IgG Fc fragments as
a control for rAAT and found that these have no effect on LPS-
induced IL-8 release (Fig. S7).
Neutrophils are a source of the IL-1 receptor antagonist (IL-

1Ra). We measured IL-1Ra release in cells incubated with Pro-
lastin or rAAT only or with LPS. As shown in Fig. S8, Prolastin
and rAAT each induced the release of IL-1Ra alone but also
augmented LPS-induced IL-1Ra secretion by 2.5- and 4.6-fold,
respectively. Under these experimental conditions, cell viability

remained unaffected by Prolastin (88.2%) or rAAT (86.5%),
compared with nontreated controls (82.1%) (Fig. S9).

AAT and rAAT Prevent Adhesion of Activated Human Neutrophils to
Human Lung Microvascular Endothelial Cells. The oxidative stress-
induced activation of neutrophils increases adhesion to endothe-
lial cells (19). Because AAT inhibits IL-8 production and pos-
sesses antioxidant activities (20), we investigated whether AAT
affects neutrophil adhesion to lung endothelial cells. Human
neutrophils were labeled with calcein and stimulated with N-formyl-
methionyl-leucyl-phenylalanine (fMLP). Calcein-labeled human
neutrophils were first preincubated with increasing concentra-
tions of either AAT (Prolastin) or rAAT for 1 h, exposed to fMLP,
and then added to human lung microvascular endothelial cells
(HMVEC-L). As shown in Fig. 6, a significant reduction (40%) was
achieved at 100μg/mL Prolastin, compared with 1 μg/mL rAAT.

AAT and rAAT Reduce MHC II, TLR4, and TLR2 Expression on Mouse
Pancreatic Islet Macrophages. Plasma-derived AAT (Aralast) mono-
therapy prolongs survival of islet allograft transplants (11), indu-
ces immune tolerance to allografts (14), and prevents the devel-
opment of diabetes in the nonobese diabetic mouse (12). We
incubated LPS-stimulated mouse pancreatic islets with AAT
(Aralast) as well as rAAT and determined the surface expression
of MHC II, TLR4, and TLR2 on islet macrophages. As shown in
Fig. 7, there are significant reductions in these markers at con-
centrations of rAAT significantly lower than that of AAT.

Discussion
The preferred target of AAT is NE (21); therefore, the dominant
theory for the pathogenesis of AAT deficiency-related emphy-
sema is reduced pulmonary protection against NE. This concept
finds support by the high neutrophil burden and increased levels
of free elastase in patients with AAT deficiency-related emphy-
sema (22). Thus, inhibition of NE has consistently been the
objective in the development of therapeutic strategies for these
patients. However, the broad anti-inflammatory and immuno-
modulating properties of AAT (7, 8, 23) raise the question
whether elastase inhibition accounts for the spectrum of bi-
ological activities of AAT. Here, we compared in vitro and in

Fig. 5. AAT and rAAT reduce LPS-induced release of cytokines from human
neutrophils in vitro. Human blood neutrophils (2 × 106 per mL) isolated from
six donors were preincubated with AAT (Prolastin in A and B) or rAAT for 1 h
and then stimulated with LPS (10 ng/mL) for 8 h. (A) Mean ± SE TNF-α release
at 8 h. (B) Mean ± SE IL-8 release. (C) Mean ± SE IL-8 release in an additional
three donors comparing Prolastin, Aralast, and rAAT. Concentrations are
micrograms per milliliter (μg/mL).

Fig. 6. AAT and rAAT inhibit human neutrophil adhesion to primary human
lung microvascular endothelial cells. Mean ± SE percent-change of fMLP
activated human blood neutrophils adhering to the human lung HMVEC.
The neutrophils were pretreated with or without AAT (Prolastin) or rAAT.
Concentrations of Prolastin and rAAT are depicted under the horizontal axis.
The data are derived from the neutrophils of three donors, each performed
in quadruplicate. The P values are in comparison with fMLP-stimulated
neutrophils without exposure to either AAT or rAAT.
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vivo anti-inflammatory effects of clinical grade AAT with elas-
tase inhibitory activity to a form of recombinant AAT that does
not inhibit elastase. We also compared LPS-induced acute lung
injury and neutrophils in WT mice and elastase-deficient mice.
As expected, 24 h following LPS there were markedly in-

creased numbers of BAL neutrophils, enhanced TNF-α and KC
levels in lung tissue, and significantly elevated levels of BAL
elastase in WT mice. Mice deficient in NE also exhibited the
same changes but an even greater degree of inflammation was
observed. However, administration of AAT (Prolastin) amelio-
rated the LPS-induced inflammatory effects in the lungs of WT
and NE-deficient mice to the same extent. Furthermore, pre-
treatment of neutrophils from WT or NE-deficient mice with
either Prolastin or rAAT reduced or abolished LPS-induced
TNF-α and IL-8. In addition to the reduction in LPS-induced
IL-8, human neutrophils released increased levels of the anti-
inflammatory cytokine IL-1Ra when exposed to either Pro-
lastin or rAAT (Fig. S8).
Both Prolastin and rAAT reduced fMLP-activated human

neutrophil adhesion to lung-derived endothelial cells. It is known
that AAT suppresses neutrophil function, including IL-8 release
and adherence to endothelial cells (24, 25). Indeed, the absence
of elastase had no effect on neutrophil recruitment (26), which
supports our findings. Circulating AAT enters cells (27) and can
act as an inhibitor for matriptase (28), caspases-1 and -3 (29, 30),
TNF-α–converting enzyme (31), and intracellular calpain I (32).
It is now generally accepted that LPS induces the endoplasmic

reticulum (ER) stress-DDIT pathway in the mouse lung (33).
During this inflammatory response, activation of ER stress-

related gene expression, such as DDIT3 (also termed CHOP) and
XBP-1, occurs in a time course similar to that for the production
of TNF-α and KC. Originally, DDIT3 was thought to induce
apoptosis; however, evidence reveals that LPS-induced DDIT3
activates the IL-1β pathway (34), which plays a central role in the
early stages of the inflammatory response (35). Remarkably,
pretreatment of WT or NE-deficient mice with Prolastin reduced
LPS-induced DDIT3 and XBP-1 expression in lung tissue. Based
on these findings, we examined whether ZZ AAT deficiency-
related emphysema patients treated with Prolastin had lower
DDIT3 expression in their lungs. Indeed, we found that aug-
mentation therapy significantly lowered DDIT3, as well as XBP-1
and IL-1β expression, compared with matched but untreated
patients. Increased inflammation can be a manifestation of ER
stress resulting from misfolded proteins, and may contribute
to the pathophysiology of chronic obstructive pulmonary dis-
ease (36).
The decrease in cytokine/chemokine release from mouse or

human neutrophils, the reduced adhesion of neutrophils to en-
dothelial cells, and the lower surface expression in LPS-induced
MHC II, TLR4, and TLR2 in islet macrophages were observed
at concentrations of rAAT markedly lower than those of plasma-
derived AAT (Prolastin or Aralast). One explanation is that
AAT purified from human plasma has lost much of its anti-
inflammatory and immunomodulating properties because of
methods such as low pH, ionic strength, and oxidation (37); the
cold ethanol precipitation of plasma during the purification may
impair the nonprotease, anti-inflammatory, and immunomodu-
lating domains of AAT. High heat and detergents associated
with reducing viral contamination of human plasma products
may also affect these domains. In fact, Prolastin contains latent
forms that affect activity (38). In contrast, the rAAT used in the
present study required a single, gentle purification step, which
may allow preservation of the anti-inflammatory and immuno-
modulating domains of the molecule (39).
We conclude that AAT protein possesses at least two indepen-

dent functions: inhibition of elastase and an anti-inflammatory/
immunomodulatory function, the latter of which is independent
of elastase inhibition. Therefore, clinical preparations of AAT
should be validated for both anti-inflammatory/immunomodula-
tory as well as anti-elastase activities.

Materials and Methods
See SI Materials and Methods for a more detailed discussion.

Mice.Animal experiments were approved by the German authority for animal
protection (33.9–42502-04–09/1766). The intranasal administrations were
performed as previously described (40–42).

Laser-Assisted Microdissection of Surgical Lung Explants. Surgical lung ex-
plants from end-stage ZZ AAT emphysema cases with AAT augmentation
therapy (n = 11, males, age 53.5 ± 2.4 y) and without AAT therapy (n = 8,
males, age 44.7 ± 5.3 y) were retrieved from the Institute of Pathology of
Hannover Medical School with the approval of the Hannover Medical School
Ethics Committee (No. 990–2011). Fig. S9 illustrates laser-assisted microdis-
section of lung tissue (IX 71 microscope Olympus Europa) with CellCut Plus
system (MMI Molecular Machines and Industries) (43).

Gene Expression in Lung Tissue. Five-micrometer whole-lung tissue sections
from mice or microdissected tissue from human lungs were suspended
overnight in a proteinase K digestion buffer and RNAwas isolated by phenol-
chloroform extraction. cDNAwas synthesized and levels ofmRNAdetermined
by real-time PCR (43).

Preparation of Mouse Bone Marrow Neutrophils. WT and NE-deficient mice
were killed, femurs, tibiae, and humeri were removed, and bone marrowwas
harvested by flushing with HBSS supplemented with 0.5% FCS. The cells
(>90% neutrophils) were resuspended in RPMI medium 1640 at a concen-
tration of 2 × 106 cells per mL.

Fig. 7. Expression of macrophage surface receptors on islet cell macro-
phages exposed to AAT or rAAT. Mean ± SE change in the percent of cells
from CD45+CD11b+ cells expressing surface markers for MHC II (A), TLR4 (B),
and TLR2 (C) 72 h after exposure to LPS (10 ng/mL) in the presence of AAT
(Aralast) or rAAT at the indicated concentrations. The data are one of three
similar experiments, each performed in triplicate.
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Preparation of Human Blood Neutrophils. Human neutrophils were isolated
from the peripheral blood of healthy volunteers using PolymorphprepTM
(Axis-Shield PoC AS). The cells were resuspended in RPMI medium 1640 at
a concentration of 2 × 106 cells per mL and distributed on cell culture plates
precoated with 10% (wt/vol) FCS. In some experiments, purified neutrophils
(5 × 106 cells per mL) were labeled in suspension with 5 μg/mL calcein-AM.

Human Neutrophil Adhesion to Endothelial Cells. HMVEC-L were derived from
lung tissues (German Collection of Microorganisms and Cell Cultures,
Braunschweig, Germany) and were grown in medium with 5% (wt/vol) FCS.

Recombinant Human AAT Fc-1 Fusion Protein. Recombinant human AAT-Fc-1
(rAAT)was produced in a stable clone of ChineseHamsterOvary cells expressing
the cDNA sequence of human AAT in frame with the sequence of human Fc of
IgG1 at the C terminus, as previously described (39) (SI Materials and Methods).

Statistics. Statistical analysis was performed using SPSS software (v19 for
Windows, SPSS).
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