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Abstract
The common Zmutation (Glu342Lys) of α1-antitrypsin (A1AT) results in the polymerization

and intracellular retention of A1AT protein. The concomitant deficiency of functional A1AT

predisposes PiZZ subjects to early onset emphysema. Clinical studies have implied that,

among the biomarkers associated with emphysema, matrix metalloproteinase 9 (MMP-9) is

of particular importance. Increased plasmaMMP-9 levels are proposed to predict the decline

of lung function as well as greater COPD exacerbations in A1AT deficiency-associated

emphysema. The aim of the present study was to investigate the effect of A1AT therapy

(Prolastin) on plasmaMMP-9 and myeloperoxidase (MPO) levels. In total 34 PiZZ emphyse-

ma patients were recruited: 12 patients without and 22 with weekly intravenous (60 mg/kg

body weight) A1AT therapy. The quantitative analysis of A1AT, MMP-9 and MPOwas per-

formed in serum and in supernatants of blood neutrophils isolated from patients before and

after therapy. Patients with Prolastin therapy showed significantly lower serumMMP-9 and

MPO levels than those without therapy. However, parallel analysis revealed that a rapid infu-

sion of Prolastin is accompanied by a transient elevation of plasmaMMP-9 and MPO levels.

Experiments with freshly isolated blood neutrophils confirmed that therapy with Prolastin

causes transient MMP-9 and MPO release. Prolastin induced the rapid release of MMP-9

and MPOwhen added directly to neutrophil cultures and this reaction was associated with

the presence of IgA in A1AT preparation. Our data support the conclusion that changes in

plasma levels of MMP-9 and MPOmirror the effect of Prolastin on blood neutrophils.
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Introduction
Alpha1-Antitrypsin (A1AT), also referred to as alpha1-proteinase inhibitor or SERPINA1, is
an acute phase protein and the prototypical member of the SERPIN (serine proteinase inhibi-
tor) family of protease inhibitors. Plasma concentrations of A1AT range from 0.9 to 2 mg/ml
when measured by nephelometry. The circulating levels of A1AT increase rapidly in response
to inflammation or infection [1]. Tissue concentrations of A1AT may increase as much as
11-fold as a result of local synthesis by resident or invading inflammatory cells but it is cleared
with a half-life of three to five days [2,3].

The level of A1AT is controlled by a pair of co-dominant alleles. The prevalence of the
major A1AT variants (PI�M, PI�Z, and PI�S) is reported in many surveys as gene frequencies.
The highest prevalence of the PI�Z variant is recorded in northern and western European
countries (mean gene frequency 0.0140), peaking in southern Scandinavia, the Netherlands,
the UK, and northern France (gene frequency>0.0200) [4].

The Z A1AT results from the mutation (Glu342Lys) in exon V of the gene. This mutation
causes a change in A1AT protein folding leading to polymerization and intracellular retention.
Because hepatocytes are the main source for A1AT, polymers of A1AT can promote liver dam-
age with a variable clinical presentation, from neonatal hepatitis to liver cirrhosis and hepato-
cellular carcinoma in adults. On the other hand, the lack of circulating protein predisposes to
the development of early-onset emphysema [5,6]. Extra-hepatic A1AT polymerization also oc-
curs [7,8]. Current data demonstrate that cigarette smoke promotes polymerization of Z A1AT
via oxidation of the protein [9].

Augmentation therapy with pooled human plasma A1AT was introduced 30 years ago to
treat emphysema patients with ZZ deficiency of A1AT. This therapy is typically started in pa-
tients older than 18 years who have moderate emphysema (FEV1<65% of expected) and is
continued indefinitely. Most of the patients receiving weekly intravenous infusions of 3–5 g
clinical grade A1AT (60 mg/kg body weight) [10].

Proof of efficacy of augmentation therapy has been attempted in several clinical trials that
explored as the primary outcomes lung function tests and computer tomography densitometry
[11]. The overall results from the existing clinical trials support the efficacy of A1AT therapy.
The experience with A1AT therapy suggests that it is safe, with few and usually well tolerated
side effects, and that this therapy reduces the decline in lung density [12,13]. Stockley and col-
leagues have shown that augmentation therapy (60 mg/kg weekly for four weeks) favourably
changes sputum inflammatory milieu i.e. reduces sputum elastase activity and levels of the leu-
kotriene B4, IL-8 and myeloperoxidase (MPO) [14]. Furthermore, Prolastin (2.5 mg per nos-
tril) has been found to inhibit nasal IL-8 release in response to LPS challenge and to inhibit
LPS-induced TNFα and IL-1β release from monocytes and IL-8 release from neutrophils, in
vitro [15]. Previously we have measured plasma levels of A1AT polymers, cytokines (IL-1β,
IL-6, and TNFα), chemokines (IL-8 and MCP-1) and VEGF in patients undergoing weekly
augmentation therapy- just before intravenous A1AT (Prolastin) infusion, as well as one and
three days after therapy. Our results revealed significant fluctuations in plasma cytokine and
A1AT polymer concentrations, pointing out that potentially unacknowledged immunologic
properties are carried out by weekly infusion of A1AT [16].

Matrix metalloproteinase-9 (MMP-9) is one of the proteinases that have received consider-
able attention in COPD [17–19]. For example, Higashimoto and colleagues examined multiple
biomarkers among 96 COPD patients, finding that only MMP-9 and C-reactive protein were
statistically significantly associated with declines in FEV1 [18]. Omachi and co-authors sug-
gested that MMP-9 may be a valuable biomarker for the progression of emphysema with
A1AT deficiency [20]. Interestingly, a study by Stone et al. has found that A1AT deficient
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patients have higher sputum concentrations of IL-8 and LTB4 compared with usual COPD,
but lower levels of MPO and absolute neutrophil counts [21]. Therefore, we wanted to continue
investigations on the effects of weekly Prolastin therapy, with specific focus on changes in
serum levels of MMP-9 and MPO.

Materials and Methods

Study participants and Ethics Statement
This study enrolled 35 patients, clinically diagnosed for PiZZ A1AT-related emphysema. Every
patient answered a questionnaire regarding the symptoms, health status, medical and smoking
history. Individuals who had recent acute exacerbations (within the last three months) or were
taking oral steroids were excluded from the study. The informed consent document has been
signed by all patients. The study was approved by the Philipps University of Marburg local ethics
committee (59/06 and 148/12). Out of 34 patients, 22 were under weekly intravenous (60 mg/kg
body weight) therapy with human purified A1AT (Prolastin, Grifols) and 12 patients were
without A1AT therapy. The mean forced expiratory volume in one second was 43.5% and
60.1% in treated and non-treated patients with A1AT deficiency, respectively (Table 1).

Study design
From PiZZ patients receiving weekly intravenous Prolastin therapy blood samples were ob-
tained just before therapy (pre, n = 22), two hours (post, n = 22) and three days after therapy
(day 3, n = 12). From PiZZ patients, who were not on the Prolastin therapy, blood samples
were obtained only once (Table 1). From one PiZZ patient (GOLD III) receiving Prolastin ther-
apy and from one non-treated PiZZ patient (GOLD II), blood sample and blood neutrophils
were obtained every day during one week. From the patient receiving Prolastin additional sam-
ples were taken before (pre) and two hours after (post) A1AT infusion (Table 1). For ex vivo
experiments, blood neutrophils were isolated just before (pre, n = 8) and two hours (post,
n = 8) after therapy with Prolastin as well as from non-treated A1AT patients (n = 8, Table 2).

A1AT quantification by nephelometry
Serum samples were analyzed for the levels of A1AT by nephelometry (Behring Nephelometer
2 BN2, Siemens) in the routine laboratory of the Marburg University Hospital.

Analysis of serumMMP-9 and MPO by ELISA
For the quantitative determination of serumMMP-9 and MPO we used commercial available
ELISA kits (Human DuoSet R&D Systems, Abingdon, UK). Serum samples were diluted 1:500
or 1:1000 with dilution buffer and measured in duplicates using Tecan infinite F200pro. For
MPO the standard range was between 62.5–4000 pg/ml with a sensitivity of 62.5 pg/ml. For
MMP-9 the standard range was between 31.25–2000 pg/ml with a sensitivity of 31.25 pg/ml.

Analysis of MMP-9 and MPO in neutrophil culture supernatants by
ELISA
Neutrophils were isolated from the peripheral blood of PiZZ A1AT patients before (pre, n = 8)
and two hours after (post, n = 8) therapy with Prolastin using Polymorphprep (Axis-Shield
PoC AS, Oslo, Norway) as previously described [22]. The neutrophil purity and cell viability
exceeded 95%. Purified neutrophils (1×106 cells/ml) were resuspended in RPMI medium sup-
plemented with 10% volume/volume fetal calf serum and incubated with or without 1 mg/ml
A1AT (Prolastin) for 4 hours at 37°C, 5% CO2. The cell culture supernatants were collected
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and analyzed for the degranulation of MMP-9 and MPO by ELISA kits (Human DuoSet R&D
Systems, Abingdon, UK).

Western blot analysis
Neutrophils were isolated from the peripheral blood of two PiZZ A1AT patients every day in
a week course (Table 1, one patient with and one patient without Prolastin therapy) as de-
scribed in the section above. Isolated cells were washed with PBS, lysed and the protein concen-
tration was determined (BCA assay, Pierce BCA Protein Assay Kit, Thermo Scientific). Equal
amounts of analyzed protein were separated on 7.5% sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE). Proteins were transferred to a polyvinylidene fluoride
(PVDF) membrane and detected using the primary anti-A1AT antibody (polyclonal IgG anti-
body, Bethyl Laboratories, Inc., USA; dilution 1:10000 in Tris-Buffered Saline and Tween with
5% milk powder). Membranes were incubated over night at 4°C, washed and incubated for
1 hour at room temperature with secondary anti-goat antibody (HRP conjugated, Sigma Al-
drich, St Louis, USA; diluted at 1:20000 in Tris-Buffered Saline and Tween with 3% milk pow-
der). Protein loading was monitored by stripping and re-probing the membranes with β-actin
(primary monoclonal anti-actin antibody, IgG, produced in rabbit, Merck Millipore, Germany,
diluted 1:1000 in Tris-Buffered Saline and Tween with 3% milk powder, incubation over night
at 4°C; secondary anti-rabbit antibody, IgG, produced in chicken, HRP conjugated, dilution
1:20000 in Tris-Buffered Saline and Tween with 3% milk powder for one hour at room temper-
ature, Abcam, UK). ECLWestern blotting method was used for detection of immobilized spe-
cific antigens (GE healthcare, Buckinghamshire, UK) applying Science Imaging, ChemoCam
system. Each individual Western blot was directly developed for 10 min.

Table 1. Patient characteristics/ serum measurements.

PiZZ patients Prolastin therapy(day
1 pre/post, n = 22)

Prolastin therapy
(day 3, n = 12)

No Prolastin
therapy(n = 12)

One patientwith Prolastin
therapy(weekly timecourse)

One patientno Prolastin
therapy(weekly timecourse)

Age in years,
mean (SD)

55 (8.5) 58 (9.9) 51.9 (8.2) 51 60

Sex, F/ M 5/ 17 3/ 9 4/ 8 0/ 1 0/ 1

FEV1 in %,
mean (SD)

43.5 (15.2) 44.4 (15.7) 60.1 (20.2) 30.2 56,9

Smoking ex/
current

19/ 0 10/0 8/ 0 1/ 0 0/ 0

Pack-years,
mean (SD)

13.2 (6.7) 12.8 (6.8) 15.9 (15.9) 10 0

GOLD stageII/
III/ IV

9/ 7/ 6 6/ 3 / 3 9/ 1/ 2 0/ 1/ 0 1/ 0/ 0

doi:10.1371/journal.pone.0117497.t001

Table 2. Patient characteristics/ degranulation PMNs.

PiZZ patients Prolastin therapy(pre/post, n = 8) No Prolastin therapy(n = 8)

Age in years, mean (SD) 65.4 (8.8) 49 (12.9)

Sex, F/ M 3/ 5 3/ 5

FEV1 in %, mean (SD) 51 (14.9) 92.1 (35.3)

Smoking ex/ current 0/ 6 0/ 4

Pack years, mean (SD) 8.9 (6.6) 5.8 (7.3)

GOLD stage0/ I/ II/ III/ IV 0/ 0/ 4/ 4/ 0 5/ 0/ 2/ 0/ 1

doi:10.1371/journal.pone.0117497.t002
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A1AT Preparations
Purified human plasma pooled A1AT (Prolastin, Grifols) was used for in vitro experiments. To
remove high molecular mass proteins, specifically IgA [16,23,24] Prolastin was first diluted in
phosphate-buffered saline (PBS) and repurified by ultrafiltration using a centricon-100 kDa
and centricon-30 kDa cutoff. The IgA-free preparation of A1AT was subjected to quantitative
analysis using bicinchoninic acid assay (BCA assay, Pierce BCA Protein Assay Kit, Thermo Sci-
entific) and to qualitative evaluation using Western blot analysis with specific anti-A1AT and
anti-IgA antibody.

Statistical analysis
Statistical analysis was performed using GraphPad Prism 5.03 software (GraphPad Software,
Inc, La Jolla, CA). Data is presented as mean value and standard deviation. In order to test for
normality the D’Agostino—Pearson-omnibus normality test was performed. Normal distribut-
ed values were compared using student’s paired t-test or unpaired t-test, respectively. In the
event of a failing normality-test paired values were matched using the Wilcoxon-signed-rank
test or, if unpaired, using the Mann-Whitney test. Correlations were calculated using the Pear-
son’s and Spearman’s correlation test.

Results

Serum concentrations of A1AT in PiZZ patients with and without
Prolastin therapy
As illustrated in Fig. 1A, mean serum levels of A1AT were lower in PiZZ patients without Prolas-
tin therapy than in those with continues therapy [mean (SD): 0.259 (0.04) versus 0.79 (0.22) g/L,
respectively; p = 0.0001]. As expected, two hours after Prolastin therapy serum levels of A1AT
increased by 3.4-fold [mean (SD): from 0.79 (0.22) to 2.67 (0.63) g/L, p = 0.0001]. Serum testing
for A1AT on day-3 revealed that A1AT concentration decreased by 2.23-fold relative to day one
[mean (SD): 2.67 (0.63) versus 1.19 (0.23) g/L, p = 0.0005]. Nevertheless, levels of A1AT were
still significantly higher than those before weekly infusion of Prolastin (Fig. 1). In a single patient
serum levels of A1AT were examined every day during one week. As a representative from the
group of patients receiving Prolastin therapy, we chose a 52 year old male, ex-smoker (pack
years 10) with GOLD stage III COPD (FEV1% 31). From the group without Prolastin therapy,
serum samples were obtained from a 60 year old male, never-smoker; with GOLD stage II
COPD (FEV1% 56.9). The week course analysis of serum concentration of A1AT after Prolastin
infusion revealed that the level of A1AT initially rose very fast, but dropped after 24 h by about
30.7%, and was followed by a slow decline throughout the week course (Fig. 1B). In the patient
without Prolastin therapy, serum concentration of A1AT remained relatively stable over one
week (Fig. 1B).

Serum concentrations of MMP-9 and MPO in PiZZ patients with and
without Prolastin therapy
As shown in Fig. 1C, serum levels of MMP-9 increased significantly two hours after A1AT
therapy relative to those measured prior to the therapy [mean (SD): post infusion 629.6
(309.08) versus pre infusion 429.4 (154.96) ng/ml, p� 0.0001]. In contrast, three days post
therapy serum levels of MMP-9 decreased below the initial level and were significantly lower
than those measured directly after A1AT infusion [mean (SD): 334.3 (138) ng/ml versus 629.6
(309.08), respectively, p<0.005]. At all studied time points mean serum levels of MMP-9 were
significantly higher in non-augmented than in augmented patients (Fig. 1C). Similarly, therapy
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Fig 1. Quantitative analysis of serumA1AT, MMP-9 andMPO.Measurement of (A) A1AT, (C) matrix metalloproteinase 9 (MMP-9) and
(E) myeloperoxidase (MPO) levels in serum from augmented and non-augmented PiZZ A1ATpatients. From augmented patients serum samples were
obtained at three different time points: before (pre, n = 22), two hours after (post, n = 22) and on day three after augmentation therapy (day 3, n = 12). From
the non-augmented PiZZ A1AT deficient-patients serum samples were obtained only once (no augmentation, n = 12). To follow up the level of (B) A1AT as
well as the biomarkers (D) MMP-9 and (F) MPO in a week course analysis, we obtained serum samples every day from one augmented PiZZ A1AT patient
(GOLD stage III) and one non-augmented PiZZ A1AT-patient (GOLD stage II). Statistical significance between indicated groups at *** p� 0.001,
** p� 0.01 and * p� 0.05.

doi:10.1371/journal.pone.0117497.g001
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with A1AT resulted in a direct induction of serumMPO levels [mean (SD): post infusion
244.29 (101) versus pre infusion 187.95 (81.7) ng/ml, p� 0.0001; Fig. 1D]. Again, as for
MMP-9, three days post therapy, levels of MPO decreased and were significantly lower than in
non-treated patients (Fig. 1E). Additional investigations using serum from a single patient con-
firmed that A1AT therapy leads to an immediate elevation, gradual decrease (until day three)
and the restoration of serum MPO levels to the starting level at day seven. Notably, no changes
in MMP-9 and MPO levels during one week were observed in a single patient without A1AT
therapy (Fig. 1D and E).

Correlations between measured variables
We next sought to evaluate the relationship between serum levels of A1AT, MMP-9 and MPO
in PiZZ patients without and with Prolastin therapy. First of all, in patients not receiving Pro-
lastin no correlations were found between A1AT and MMP-9 or MPO (data not shown). As
illustrated in Fig. 2 A, a positive correlation between MMP-9 and MPO was found in all pa-
tients receiving Prolastin, independent of whether the sample was obtained before or after
(post and day three) therapy (n = 56, r = 0.72, p<0.0001). Furthermore, in treated patients
were found weak but significant correlations between serum levels of A1AT and MMP-9, as
well as A1AT and MPO (n = 56, r = 0.34, p = 0.009 and p = 0.016, Fig. 2B and C, respectively).

Changes of MMP-9 and MPO concentrations in supernatants of
neutrophil isolated from single patients with and without Prolastin
therapy
Blood neutrophils from one PiZZ patient (GOLD III, Table 1) treated with Prolastin were
obtained every day during one week whereas twice on days one and seven: before (pre) and
two hours after (post) A1AT therapy. Neutrophils were incubated at 37°C, 5% CO2 for 4 h and
concentrations of released MMP-9 andMPO were determined in cell culture supernatants. As
shown in Fig. 3A, the highest level of MMP-9 was measured one day after therapy, then decreased
at a minimum at days three and four, and started to rise again at days five, six and seven to the lev-
els measured before starting the therapy. Similarly, the highest level of MPO release was measured
at day one post A1AT therapy and returned to basal levels by day three. In contrast to MMP-9,
levels of MPO remained low until day seven (Fig. 3B). In supernatants of neutrophils isolated
from non-augmented PiZZ patient (GOLD II, Table 1) MMP-9 andMPO release did not change

Fig 2. The correlation between serum levels of A1AT, MMP-9 and MPO in PiZZ patients receiving Prolastin therapy. (A) Spearman correlation
analysis shows a significant positive correlation between the serum levels of MMP-9 and MPO (r = 0.7284, p<0.0001, n = 56); A1AT and MMP-9 (B) as well
as A1AT and MPO (C) (r = 0.34, p = 0.009, n = 56; and r = 0.32, p = 0.016, n = 56, respectively). Line represents linear regression of data (MMP-9 with MPO:
slope 0.1471±0.0175, r2 = 0.567; A1AT with MMP-9: slope 245.9±62.5, r2 = 0.223; A1AT with MPO: slope 35.54±12.98, r2 = 0.122).

doi:10.1371/journal.pone.0117497.g002
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during one week (Fig. 3A and B). Immunoelectrophoretic patterns of neutrophil-associated
A1AT examined byWestern blots revealed native and complexed forms of A1AT in the patient
treated with Prolastin (Fig. 3C) whereas the non-treated patient showed one immunoreactive
band typical for native A1AT (Fig. 3D). Notably, in the augmented patient strongest immunoreac-
tivity for neutrophil-associated A1AT was observed at days three, four and five (Fig. 3C).

Effects of Prolastin on MMP-9 and MPO release from isolated
neutrophils, in vitro
In the next set of experiments, blood neutrophils were isolated from eight PiZZ patients before
(pre) and two hours after (post) Prolastin therapy, and from eight PiZZ patients without thera-
py (Table 2). Neutrophils (1x107cells/ml) were incubated alone or in the presence of Prolastin
(1 mg/ml) at 37°C, 5% CO2 for 4 hours. As illustrated in Fig. 4A and B (open box plots), no sig-
nificant difference was found between neutrophils isolated from patients before or two hours
after A1AT therapy, or without augmentation therapy regarding the levels of MMP-9 and
MPO. However, independent of whether neutrophils were obtained from treated or non-
treated patients, exogenously added Prolastin significantly enhanced the release of MMP-9
and MPO (Fig. 4).

Fig 3. Analysis of MMP-9 andMPO in supernatants of neutrophil isolated from a single PiZZ patient. Neutrophils were isolated every day from one
augmented PiZZ A1AT deficient-patient (GOLD stage III), and one non-augmented PiZZ A1AT deficient-patient (GOLD stage II). (A) matrix
metalloproteinase 9 (MMP-9) and (B) myeloperoxidase (MPO) were analysed in the supernatants of 1x106 cells/ ml (4 hours, 5% CO2, 37°C). Neutrophil-
associated A1AT was analysed in augmented (C) and non-augmented (D) PiZZ A1AT deficient-patient by Western blot using polyclonal antibody against
A1AT.

doi:10.1371/journal.pone.0117497.g003
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Transient increase in MMP-9 release is associated with the presence of
IgA in the Prolastin preparation
It is well known that Prolastin preparations contain minor amounts of IgA [23,24], which may
trigger Fc receptor signaling and induce temporal neutrophil activation [25,26]. Therefore, we
have re-purified Prolastin by using ultra-filtration and removed any traces of IgA (Fig. 5A). To
further examine the effects of Prolastin on MMP-9 and MPO release freshly isolated neutro-
phils from healthy donors were treated for 2 hours with various concentrations of Prolastin or
ultra-filtrated Prolastin (preparation completely lacking IgA) or 2.7 mg/ml human serum albu-
min (control). In comparison with ultra-filtrated Prolastin or albumin (control), Prolastin

Fig 4. Analysis of MMP-9 andMPO in supernatants of neutrophils treated with Prolastin.Neutrophils were isolated from PiZZ A1AT deficient-patients
before (pre, n = 8) and two hours after (post, n = 8) Prolastin therapy and from 8 PiZZ A1AT deficient-patients without Prolastin therapy. Quantification of the
matrix metalloproteinase 9 (MMP-9) (A) myeloperoxidase (MPO) levels (B) was performed with or without pre-treatment of neutrophils (1x106cells/ml) with
Prolastin (1 mg/ml, 4 hours, 5% CO2, 37°C). Statistical significance between the groups is indicated as: *** p� 0.001 and ** p� 0.01.

doi:10.1371/journal.pone.0117497.g004

Fig 5. Analysis of MMP-9 andMPO in supernatants of neutrophils treated with Prolastin and Prolasin preparation without IgA. (A) Prolastin (A1AT)
and Prolastin preparation without IgA (A1AT*) were separated by non-reducing polyacrylamid gel gelelectrophoresis followed byWestern blot analysis with
anti-A1AT and Anti-IgA antibodies. (B) Neutrophils were isolated from healthy controls (Pi MM, n = 3) and treated with different concentrations of A1AT, or
A1AT* or human serum albumin (protein control) for two hours, at 37°C, 5% CO2. The concentration of 2.7 mg/ml mimics the average serum concentration
post infusion of the augmented A1AT deficient patients. Quantification of the matrix metalloproteinase 9 (MMP-9, B) and myeloperoxidase (MPO, C) levels
from cell culture supernatants were performed. Statistical significance between the groups is indicated as: ** p� 0.009 and * p� 0.02.

doi:10.1371/journal.pone.0117497.g005
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induced a significant MMP-9 release in a concentration dependent manner (Fig. 5 B). Remark-
ably under the same experimental conditions, Prolastin did not induce MPO release (Fig. 5C).

Discussion
In this study we unexpectedly found that therapy with Prolastin causes a time-dependent mod-
ulation of serumMMP-9 and MPO levels. The therapy up-regulated serum levels of MMP-9
and MPO in an acute manner (within 2 hours) but after three days MMP-9 and MPO de-
creased below the levels measured before starting the therapy. In general, patients treated with
Prolastin had significantly lower serum levels of MMP-9 and MPO than non-treated patients.

The close association between MMP-9 levels and high neutrophil numbers in COPD pa-
tients identify this cell type as a major source of MMP-9 [27,28]. Unlike de novoMMP-9 pro-
duction by other cell types, such as macrophages, activated neutrophils release MMP-9 rapidly
and independent of TIMP-1, as neutrophils do not produce TIMP-1 [29]. MMP-9 is formed in
the later stages of neutrophil maturation and this proteinase contributes to neutrophil extrava-
sation and stem cell mobilization via the degradation of basement membrane collagens [30,31].
Furthermore, observed correlation between increased MPO (marker of neutrophils degranula-
tion) and increased MMP-9 concentration in serum of PiZZ patients (independently on aug-
mentation therapy) implies that neutrophils are the main source of these inflammatory
biomarkers. Therefore, we hypothesize that Prolastin-induced fluctuations in serum levels of
MMP-9 and MPO result from its effect on neutrophil activation. Similar to the findings ob-
served in serum, neutrophils isolated directly post therapy released more MMP-9 and MPO
when neutrophils isolated three days post therapy. According to the Western blots, at this latter
time point neutrophils had a high content of A1AT and A1AT occurred in several molecular
forms. Some of these were higher molecular size than native A1AT, most likely representing
complex with neutrophil proteases like elastase. Elastase is known to activate MMP-9 [32]
therefore A1AT by inactivating elastase may be a physiological inhibitor of MMP-9 in vivo.
This might also explain the lower serumMMP-9 levels observed in patients treated with Pro-
lastin than those without this therapy.

To investigate the effects of Prolastin in more detail, we next treated freshly isolated human
blood neutrophils with Prolastin, ex vivo. Once again, we found that 1 mg/ml Prolastin added
to neutrophil cultures, within the first few hours promotes release of MMP-9 and MPO. Thus,
our ex vivo data confirmed that therapy with Prolastin induces time-dependent changes in
MMP-9 and MPO release from neutrophils.

With more than 25 years of experience Prolastin therapy is considered to be well tolerated
and safe. However, this therapy is contraindicated in immunoglobulin A (IgA) deficient pa-
tients because preparations of A1AT may contain small amounts of IgA, which can induce
IgA-related anaphylactic reactions [24,33]. It is also known that interaction of IgA with the my-
eloid IgA Fc receptor FcαRI (CD89) can induce various effector functions of leukocytes [34].
We speculated that there might be an association between the IgA impurity in Prolastin prepa-
rations and a short-term activation of neutrophils in vivo and ex vivo. Indeed, we found that
Prolastin preparation contains small amount of IgA and used ultrafiltration to remove this im-
purity. As predicted, when neutrophils were treated with ultra-pure Prolastin for a short-term
(2 hours) no induction in MMP-9 and MPO release was observed. Our results support the no-
tion that IgA contamination might be responsible for a short-term neutrophil activation during
therapy with Prolastin. This may be of significance in host response to therapy and may de-
serve further investigations.

Because neutrophils are the sole cells in the body that produce and secrete MMP-9 without its
endogenous inhibitor TIMP-1, several studies point to a critical role for neutrophils and MMP-9
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in blood vessel growth [34,35]. It is well known that MMP-9 degrades components of the extra-
cellular matrix, facilitating tissue remodeling and thereby activating and liberating growth fac-
tors, such as vascular endothelial growth factor-A (VEGF-A) [36]. MMP-9 is also involved in the
regulation of leukocytosis [28]. In support to the latter, we previously found that Prolastin in-
duces a transient elevation of serum VEGF levels, now we additionally observed that it increases
leukocyte numbers [20 PiZZ patients, mean (SD): age = 54.6±7.9 years and FEV1 = 40.8±14.6%:
pre infusion 6.8±4.9 G leukocytes/L versus post infusion 7.11±1.9 G leukocytes/L, p = 0.0026].
Reduction in the level of VEGF has been implicated in the pathogenesis of pulmonary emphyse-
ma [37,38]. Airway administration of VEGF has been shown to improve lung maturation in
mouse fetus without inducing angiogenesis [39]. Since the lung is exposed constantly to external
stresses, induction of VEGFmay help in the maintenance of lung repair and homeostasis.

A recent study by Bradley and coworkers addressed the contribution of MMP-9 during
influenza virus pathogenesis and demonstrated that MMP-9- mediated neutrophil migration
into the infected respiratory tract is required for viral clearance [40]. The necessity for
MMP- 9-mediated immune cell migration and its role in immunopathology provides support
for putative therapeutic benefits of Prolastin during virus infection. Indeed, results from several
clinical cohorts show that A1AT therapy reduces number of exacerbations and slows-down the
decline of lung function [41–44].

As a matter of fact, MMP-9 levels are elevated in patients with emphysema [20,45], cancer
[46,47], diabetes [48], acute myocardial infarction [49,50] and other chronic conditions. Persis-
tent elevation of MMP-9 is linked to disease progression [51]. As already mentioned above, fol-
lowing fast induction of MMP-9 and MPO release, Prolastin therapy in general lowers serum
levels of MMP-9 and MPO relative to non-treated PiZZ patients. This finding is in accordance
with a previous study demonstrating a reduction of MMP-9 on weekly treatment with augmen-
tation therapy [52]. In addition to the effects on MMP-9, we previously found that Prolastin
therapy significantly reduces serum levels of IL-8 [16] as well as the levels of TNF, IL-1, IL-6,
MCP-1 in experimental models in vitro and in vivo [16,53,54].

Taken together, our findings support pleiotropic effects of Prolastin on inflammatory bio-
markers of COPD. We appreciate that daily monitoring with solely one patient per group lim-
its the significance but confirms the fluctuations found on day three in the treated patients and
reflects the stability of these biomarkers in the non-treated patient group. The effect of long-
term repetitive applications of Prolastin needs to be studied in a large multicenter cohort.
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