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ABSTRACT  
 

Neutrophil serine proteases (NSPs) especially elastase are major agents of lung destruction in cystic 

fibrosis (CF) patients. This study investigated SerpinB1, a highly efficient inhibitor of NSPs, in CF lung 

disease 

Bronchoalveolar lavage fluid (BALF) from 31 children with CF and 24 control children were 

examined for amount and molecular species of SerpinB1, and its mechanism of action was studied.  

CF BALF had more SerpinB1 than control BALF, 3.9 (2.60 � 5.62) μg/ml (geometric means, 

95% confidence intervals) versus 1.37 (1.20 � 1.55) μg/ml, p< 0.001).  BALF levels of SerpinB1 were 

higher for infected versus non-infected CF subjects (5.5 versus 2.7 μg/ml, p<0.04) and substantially 

higher for elastase-positive versus elastase-negative CF subjects (8.41 versus 1.89 μg/ml, p<0.001).  

Most SerpinB1 in CF BALF had been cleaved.  Adding recombinant SerpinB1 to CF BALF 

stoichiometrically inhibited endogenous elastase, indicating that the inhibitor functions in the CF 

microenvironment.   In vitro simulations comparing SerpinB1 and α1antitrypsin (SerpinA1) showed 

that both rapidly form irreversible inhibitory covalent complexes with elastase and that these differed 

in survival time. The SerpinB1-elastase complex survived only briefly due to fragmentation of bound 

elastase, releasing cleaved SerpinB1, the molecular form in CF BALF.  

The findings define an innate role for SerpinB1 in CF airways.  
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Neutrophils and neutrophil serine proteases (NSPs) play key roles in antimicrobial lung 

defense − but in situations of protease excess, they act as major agents of inflammation and injury. 

The NSPs, elastase, cathepsin G and proteinase-3, are high turnover enzymes carried in circulating 

neutrophils [[1]. Their major protective function is killing bacteria, and although NETs (neutrophil 

extracellular traps) play a role [2], killing of bacteria by NSPs primarily takes place intracellularly after 

the bacteria are taken up in phagosomes that fuse with NSP-containing granules [3].  NSPs are 

released when neutrophils degranulate or die by necrosis.  Released NSPs can be rapidly inactivated 

by protease inhibitors, the usual outcome in plasma, but in extravascular space, local conditions such 

as inhibitor deficiency or excess of NSPs can extend their functional life in time and space.  Active 

NSPs especially elastase are frequently found in CF airway fluid even in patients with mild disease [4, 

5].  Extracellular actions of NSPs are largely pathologic.  NSPs degrade structural proteins 

contributing to bronchiolectasis and bronchiectasis [6], they exacerbate airway dysfunction by 

increasing mucin release [7, 8], propagate inflammation by inducing proinflammatory cytokines [9], 

and diminish antimicrobial defense by cleaving phagocyte receptors, antibodies, complement and 

surfactant proteins [10-14].   

 

The frequent presence of active elastase in CF indicates that the naturally occurring protease 

inhibitors are collectively inadequate as an antiprotease shield.  Nonetheless, it is relevant that we 

learn about endogenous inhibitors so that their levels can be therapeutically modulated and/or 

recombinant protein therapies developed. Several NSP inhibitors have been studied in CF including 

SLPI (secretory leukocyte elastase inhibitor), elafin and particularly α-antitrypsin (α1AT, SerpinA1), 

and both SLPI and α1AT as well as synthetic NSP inhibitors have been studied as potential 

therapeutics (reviewed in [15, 16]).  Largely absent from these lists is SerpinB1, also known as MNEI 

(Monocyte Neutrophil Elastase Inhibitor), a broadly expressed inhibitor found at especially high levels 

in myeloid cells.  SerpinB1/MNEI is among the most efficient naturally occurring inhibitors of NSPs 

[17].  It was the goal of this study to determine the contribution of SerpinB1 to NSP regulation in CF.  
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MATERIALS AND METHODS 

Bronchoalveolar lavage fluids 

Bronchoalveolar lavage fluids (BALF) were obtained with informed written consent and Institutional 

Review Board approval as part of a cross-sectional study of airway inflammation and infection in CF. 

Bronchoalveolar lavage was performed at The Children's Hospital, Pediatric Pulmonary Medicine, 

Denver [14, 18] by instilling a total of 3 ml/kg sterile saline for infants and 80 ml for older patients. 

Aliquots of the BALF were utilized for total and differential cell counts and for quantitative bacterial 

and viral culture as described [18].  The remaining BALF was clarified by centrifugation and 

immediately frozen in aliquots at −80 C.  

 

To study SerpinB1, CF BALF (31 patients) and disease control BALF (24 patients) were randomly 

drawn from the panel.  The disease control lavage had been performed for clinical indications in 

patients with chronic cough (5), asthma (4), interstitial lung disease (4), pulmonary hemosiderosis (2), 

immunodeficiency (2) and chronic wheezing, neuromuscular disease, hypoxemia, pneumonia, chronic 

aspiration, suspected aspiration and hemorrhage (1 each).  Information on patients and clinical 

specimens is summarized in table 1. Comparable urea levels indicate similar dilution factors in the two 

groups.  Two additional BALF specimens (CF-32, CF-33) were studied for inhibition of endogenous 

elastase by SerpinB1; these contained 15.8 and 34.3 μg/ml elastase, respectively. 

 

Elastase assay 

Elastase activity was quantified in BALF specimens by hydrolysis of MeO-suc-Ala-Ala-Pro-Ala-p-

nitroanilide (Sigma-Aldrich, St. Louis, MO, USA) by absorbance at 410nm [18] with human neutrophil 

elastase as standard and MeO-suc-Ala-Ala-Pro-Val-CH2Cl to confirm specificity.   

 
Serpin inhibitors, proteases, and protease inhibition assays 

Human recombinant SerpinB1 (rSerpinB1) was expressed in insect cells, purified and stored in 

aliquots (2 mg/ml) in phosphate-buffered saline (PBS) at �80°C [19].  Mercaptoethanol (2mM) was 

added prior to use.  Human neutrophil elastase from purulent sputum (Elastin Products, Owensville, 

MO, USA) and human neutrophil cathepsin G from blood leukocytes (Athens Research and 

Technology, Athens, GA, USA) were stored as aliquots (1 mg/ml) at −20°C.  α1AT purified from 

human plasma (Athens Research) was stored as 2 mg/ml aliquots in PBS with 2mM mercaptoethanol.  

For in vitro study of elastase inhibition, rSerpinB1 or purified α1AT was incubated with elastase or 

elastase-positive BALF in PBS with 0.05% Tween-20 at 37oC for 5 min (or as indicated).  Aliquots 

(30μl) were assayed for elastase activity with 0.8 mM MeO-suc-Ala-Ala-Pro-Ala-p-nitroanilide in 1-ml 

of 20mM Tris HCl, pH 7.4, 500mM NaCl, 0.1% polyethylene glycol.  To detect serpin complexes and 
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other products, additional aliquots were treated with 2mM diisopropylfluorophosphate (DFP) for 2 min 

at room temperature and solubilized for electrophoresis with 5X SDS solution at 100oC.   

 

Immunoblots  

BALF samples or rSerpinB1 (10, 33, 100 ng) were solubilized with 2X SDS solution (2% SDS, 5% 

glycerol, 1% mercaptoethanol) at 100°C for 2 min.  Samples (30 μl) were electrophoresed on Tris-

glycine 10% polyacrylamide gels (Novex, San Diego, CA, USA) with pH 8.3 Tris-HCl running buffer 

(�Laemmli gels) [20] or with Bis/Tris-HCl buffered (pH 6.4) 10% polyacrylamide with MES pH 7.7 

running buffer (�Bis-Tris gels�) (NuPAGE system, Novex).  The latter system separates the 42 kDa 

from the 38 kDa SerpinB1 species (see Results).  The separated proteins were transferred to 

nitrocellulose, blocked with 20% milk solids in PBS with 0.05% Tween 20 (PBS-Tween), incubated 

with rabbit anti-SerpinB1 (anti-MNEI) antiserum [21] (1:500) in 0.1% milk, PBS-Tween for 2 h and for 

1 h with 0.3 μg/ml 125I-labeled goat antibodies to rabbit IgG.  SerpinB1 bands were quantified by 

densitometry using rSerpinB1 as standard and employing the Storm 860 Phosphorimager and Image 

Quant software.  Preliminary experiments established that the presence of endogenous 

SerpinB1 in BALF does not alter the incremental signal intensity due to rSerpinB1 standard 

(not shown).  For in vitro studies of pure proteins, the electrophoresis gels were stained with 

Coomassie blue, and protein bands were quantified using a Bio-Rad Gel Documentation system (Bio-

Rad Laboratories, Hercules, CA, USA).  

 

Statistical evaluation 

SerpinB1 data were transformed using a log10 transformation and presented as geometric means and 

95% confidence intervals. Cell counts, albumin and urea data (non-parametric distribution) were 

analyzed by Mann-Whitney rank-sum test and are presented as medians (IQR).  Correlations 

between SerpinB1 and cell counts were assessed using Pearson correlation coefficients. An alpha of 

0.05 was set to determine statistical significance. Analyses were performed in SigmaStat V3.5 (Systat 

Software Inc, Port Richmond, CA) or SAS V9.2 (Carey, NC).  

 

RESULTS 
SerpinB1 is elevated in CF airways 

The characteristics of the participants and BALF specimens are summarized in table 1.  The median 

ages were 9.3 yr for 31 CF subjects and 8.9 yr for 24 disease control subjects.  The median (IQR) 

white blood cell counts were higher in the CF group than the control group, largely reflecting 25-fold 

higher median neutrophil counts.  Among the CF group, bacterial pathogens were isolated from 17 

BALF (54.8%), 8 positive for Pseudomonas aeruginosa and 9 positive for other CF pathogens.  BALF 

of 2 disease control subjects were culture-positive, in both cases for Streptococcus pneumoniae.  
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The content of SerpinB1 in patient BALF was determined by immunoblotting after SDS 

electrophoresis on Tris-glycine (Laemmli) gels.  SerpinB1 migrates as a 42-kD band, which was 

quantified relative to rSerpinB1 standard (fig 1).  Levels of SerpinB1 (�total SerpinB1�) were elevated 

in BALF of CF patients compared to BALF of disease controls, 3.9 (2.69 � 5.62) μg/ml versus 1.37 

(1.20 � 1.55) μg/ml (geometric means; 95% confidence intervals) (p<0.001).  Among the CF group, 

SerpinB1 concentrations were higher in culture-positive (>300 organisms/ml) compared to culture-

negative BALF (mean of 5.5 [3.10 � 9.84) μg/ml versus 2.7 [1.74 � 4.11] μg/ml) (p<0.04) and were 

substantially higher in BALF that contained active elastase (elastase-positive BALF) compared to 

elastase-negative BALF (8.41 [5.4 � 13.22] μg/ml versus 1.89 [1.46 � 2.44], p<0.001) (fig. 1).  All 

disease control BALF lacked active elastase. SerpinB1 concentration was not different for 

Pseudomonas aeruginosa positive CF BALF compared to CF BALF positive for other microorganisms 

(3.38 [1.74 � 6.66] μg/ml versus 8.95 [3.39 � 23.64]) (p=0.08).   

 

SerpinB1 concentration correlated positively with neutrophil counts in the BALF (r = 0.80, p<0.001) 

(fig 2, top).  Fig 2 also shows, as anticipated, that free elastase (middle) and α1AT-elastase (bottom) 

correlated positively with neutrophil counts (r = 0.73, p<0.001 and r = 0.76, p<0.001, respectively).  

SerpinB1 levels correlated positively with free elastase (r = 0.70, p<0.001) and α1AT-elastase 

complex (r = 0.82, p< 0.001) (not shown).  No correlation was detected for SerpinB1 with macrophage 

number (r = 0.03, p = 0.82).   

 

Molecular forms of SerpinB1 in CF BALF 

The Laemmli SDS electrophoresis gels in fig 1 provided quantitation, but contrary to predictions [20], 

did not differentiate between active and inactive SerpinB1.  To examine these different molecular 

forms, we used an alternative SDS electrophoresis system.  When tested with pure SerpinB1 

standards, Bis/Tris gels (fig 3A, bottom panel) separated three major species: active SerpinB1 at 42-

kD, the 66-kD SerpinB1-elastase covalent complex, the primary product of SerpinB1 inhibition of 

elastase, and cleaved post-complex SerpinB1 at 38-kD.  Based on earlier sequencing results [17], the 

38-kD band represents SerpinB1 cleaved after Cys344, the specificity-determining residue in the 

reactive center loop (termed �P1� in the nomenclature of Schechter and Berger [22]).  An intermediate 

species (∗) representing partially degraded complex is also detected.   

 

To identify the molecular species in CF patients, the remaining CF BALF samples were evaluated on 

Bis/Tris gels.  This analysis revealed 38-kD cleaved SerpinB1 as the predominant molecular form in 

16 of 17 CF specimens analyzed (one specimen was blank) (fig 3B).  Depending on the specimen, 
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minor amounts were found of the 66-kD SerpinB1-elastase complex; active 42-kD SerpinB1 was 

essentially non-detectable (fig 3B).  The single disease control specimen that had SerpinB1 

detectable by this method (lane 10) contained 42-kD and 38-kD (active and inactive) SerpinB1.   

 

The paucity of active inhibitor in CF BALF and the presence of the 38-kDa proteolytically cleaved 

species indicate that the elevated levels of total SerpinB1 were insufficient or barely sufficient to 

inhibit the high levels of NSPs in patient airways.  This finding is consistent with the presence of active 

elastase in many of the specimens.  The paucity of the 66-kD SerpinB1-elastase complex was 

surprising because the classical serpin mechanism of protease inhibition [23] predicted that the 

SerpinB1-elastase complex, like the AAT-elastase complex, would be a readily detectable product. 

 

rSerpinB1 inhibits endogenous elastase in CF BALF  

Since endogenous SerpinB1 in CF BALF was inactive, we next questioned whether exogenously 

added SerpinB1 would be functional.  Pure neutrophil elastase with activity matched to CF BALF was 

examined as standard (fig 4, top panel). Endogenous elastase in each of two CF BALF was 

completely inhibited by rSerpinB1 (fig 4, middle and bottom).  The amount of rSerpinB1 for 50% 

inhibition was indistinguishable from predicted stoichiometric values, and the amount for complete 

inhibition was not different from that required to inhibit pure protease. These findings indicate that 

SerpinB1 efficiently inhibits neutrophil elastase in the presence of components of CF BALF. 

 

Mechanism of action of SerpinB1  

To explain the paucity of the SerpinB1-elastase complex in CF BALF, we modeled the in vivo situation 

by reacting SerpinB1 with varying amounts of elastase for up to 18 h.  Previous studies established 

that SerpinB1 inhibition of elastase is extremely rapid with an association rate constant >107 M−1sec−1, 

and inhibition is thus complete within minutes at the concentrations studied [17].  For comparison, we 

examined the similarly rapid reaction of α1AT (SerpinA1) with elastase.  A fixed amount of inhibitor 

was combined with increasing molar ratio of elastase, including excess elastase (protease: inhibitor 

ratio of 1.25) to simulate conditions of the CF airway.  As anticipated, maximal amounts of the 

respective covalent complexes were observed at the earliest time point (5 min) for both α1AT (fig 5A, 

top) and SerpinB1 (bottom).  The generation of these complexes reflects the classical serpin 

mechanism − attempted proteolysis by elastase at the exposed serpin P1 residue (Met358 in α1AT, 

Cys344 in SerpinB1), resulting in (i) cleavage at the P1 bond with (ii) generation of an ester bond from 

P1 to the elastase active site serine and (iii) large scale conformational rearrangement of the serpin, 

the driving force for the reaction.  Elastase, covalently bound to the cleaved serpin, is inactivated due 

to conformational distortion of its active site [24].  On further incubation, the α1AT-elastase complex 

remained largely intact at 30 min and 3 h and, for the lower elastase ratios, even at 18 h.  In contrast, 
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the SerpinB1-elastase complex was short-lived, being partially (30 min) or completely (3 h) degraded 

coincident with generation of 38-kD SerpinB1 at the two higher elastase ratios and completely lost at 

18 h even at low elastase.  Elastase activity did not change over the time period 5 min to 18 h for any 

serpin:protease combination (data not shown), indicating that inhibition was irreversible, i.e., that 

active elastase was not released from either complex under these conditions, consistent with previous 

findings for α1AT [24].   Densitometry to quantify the α1AT and SerpinB1 complexes for the reactions 

with excess elastase also show that the SerpinB1-elastase complex is short-lived (fig 5B).  Thus, the 

anticipated (dominant) accumulated product of elastase inhibition by SerpinB1 is the 38-kD cleaved 

form.   

 

DISCUSSION   
A key finding of the study is that total SerpinB1 concentration is elevated in BALF of CF subjects 

compared to disease controls.  Within the CF group, levels of SerpinB1 were higher for infected 

versus non-infected subjects and substantially higher for elastase-positive versus elastase-negative 

subjects.  SerpinB1 concentration correlated positively with neutrophil counts and with free elastase 

and α1AT-elastase levels.  Since neutrophil counts and free elastase are among the best established 

biomarkers of lung inflammation in CF, the findings suggest that SerpinB1 could serve as biomarker 

of inflammation in CF.   

 

The major molecular form of SerpinB1 in BALF of CF patients was 38-kD SerpinB1, identified in 

previous studies as SerpinB1 cleaved at the reactive center loop.  Although other scenarios including 

direct proteolysis by a different protease cannot be eliminated, a straightforward interpretation is that 

the 38-kD species in CF BALF is post-complex SerpinB1, the major product of the in vitro inhibitory 

reaction under conditions of excess elastase and extended time, conditions that apply in the CF lung. 

The absence of active (42-kD) SerpinB1 in CF BALF is consistent with release of high levels of 

elastase in patient airways, as documented by the presence of free elastase in half of the CF 

specimens. The further finding of elastase-negative CF BALF containing 38-kD SerpinB1 suggests 

(although it is not proof) that excess elastase has been released in patient lungs and successfully 

inhibited by SerpinB1.  The presence of α-AT-elastase complex in elastase-negative BALF also 

indicates that excess elastase has been released and successfully inhibited.   

 

Free elastase is an indicator of current lung inflammation and a target for therapy in CF.  It has been 

recently identified as the best inflammatory correlate of pulmonary function in induced sputum [25]. 

This finding is no surprise given the plethora of elastase�s deleterious actions � matrix destruction, 

induction of inflammatory cytokines, and degradation of anti-inflammatory and anti-microbial proteins.  

Moreover, the concept was recently advanced that, among airway inflammatory proteases, neutrophil 
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elastase occupies a position at the apex of a regulatory hierarchy as assessed by the capacity of 

elastase inhibitor to decrease the induction of macrophage metalloprotease-2 (MMP-2) and cysteinyl 

protease cathepsin B [26].  The findings suggest that therapy to inhibit elastase may abrogate more 

than its own deleterious proteolytic effects.  

 

Endogenous elastase in CF BALF was stoichiometrically inhibited by rSerpinB1, suggesting that the 

inhibitor functions in the CF airway microenvironment.  A caveat is that BALF specimens are dilute 

relative to airway fluids.  However, concentrations of rSerpinB1 only slightly higher than stoichiometric 

completely inhibited endogenous elastase in CF sputum sol, which is only minimally diluted relative to 

sputum [21].  Altogether, the ability of (near) stoichiometric amounts to inhibit endogenous elastase 

suggests that SerpinB1 is not prevented from its elastase inhibitory function by components of the CF 

airway.   

 

The functional capacity and efficacy of delivering rSerpinB1 have been shown also in models of lung 

injury and infection in rats [21, 27].  Also, in mice, deletion of serpinB1 decreased, and delivery of 

rSerpinB1 rescued, anti-bacterial and anti-inflammatory lung protection [28]. 

 

The high levels of SerpinB1 in CF airway fluid introduce several questions.  First it is not clear where 

the SerpinB1 originates. The gene is broadly expressed, and levels are highest in myeloid cells 

especially neutrophils [29], and so necrotic neutrophils likely contribute. SerpinB1, like with all clade B 

serpins, lacks a leader sequence [30, 31] and thus may be actively produced by viable neutrophils, 

monocytes or airway epithelial cells.  An increase of expression in inflammation is suggested by the 

presence of an NF-κB regulatory element in the promoter of the human gene [32].   

 

The most fundamental finding of this study is the demonstration that SerpinB1 is a naturally occurring 

contributor to the anti-elastase shield of normal and CF lungs and thus joins previously characterized 

inhibitors such as SLPI, elafin and α1AT.  Although SLPI and α1AT are present in normal 

concentrations in CF BALF, the majority of 1AT and SLPI were inactive molecular forms, either 

complexed or degraded [5], consistent with the increase of free elastase in CF.  The concentration of 

SerpinB1 reported here for CF BALF approaches that reported for α1AT. 

 

SerpinB1 and SerpinA1 (α1AT), the two serpin elastase inhibitors in lung, share several features.  

Both rapidly inhibit each of the NSPs (elastase, cathepsin G, proteinase-3) (summarized in [17]). But 

despite this shared capacity, the two serpins are only distantly related within the superfamily and their 

reactive center sequences are different, indicating that they represent independent convergent 

evolutionary pathways. Interestingly, both SerpinB1 and α1AT are susceptible to oxidative 
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inactivation, suggesting that temporal and/or spatial restriction may be requisite for pulmonary NSP 

inhibitors.  Again, the mechanisms differ.  α1AT is subject to oxidative inactivation of its reactive 

center methionine, by hydrogen peroxide and peroxidases produced by inflammatory neutrophils.  

SerpinB1, due to its reactive center cysteine, can be reversibly inactivated by dimerization in an 

environment devoid of free sulfhydryls (unpublished findings).  However, SerpinB1, unlike α1AT, is 

highly resistant to inactivation by hydrogen peroxide (personal communication, Scott Van Patten, 

Genzyme Corp). 

 

Collectively, these findings characterize the innate role of SerpinB1 in the CF airway and provide 

baseline information for potential therapies involving SerpinB1. 
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TABLE 1 Subjects and CF BALF specimens 
Characteristic Control Patients CF Patients 

 
Number of subjects 24 31 

Median age, years# 8.9 (5.0-11.9) 9.3 (4.8-16.6) 

White blood cells/ml (x 103) 262 (185−390) 524(287−2015)∗ 

Neutrophils/ml (x 103) 8.8 (3.8−36) 230 (37−1401)∗ 

Lymphocytes/ml (x 103) 33 (11−86) 24 (1−100) 

Macrophages/ml (x 103) 145 (93−270) 239 (115−525) 

Eosinophils/ml (x 103) 0 (0-0) 0 (0-0) 

Epithelial cells/ml (x 103) 0 (0−5.9) 0 (0−0) 

 
Urea (mg/dl) 0.35 (0.20−0.60) 0.30(0.30−0.50) 

 
Albumin (μg/ml) 66 (34−168) 49 (37−92) 

Pseudomonas-positive BALF 0 of 24 8 of 31 

Positive for other organisms+ 2 of 24 9 of 31 

∗Significantly different from controls 

Values for age, cell counts, urea and albumin are shown as median (IQR)#. 

Four CF patients were positive for Staphylococcus aureus, three for Alcaligenes xylosoxidans, two for 

Haemophilus influenzae, (one of whom was also positive for S. aureus), and one for Mycobacterium 

avium.  Two control patients were positive for Streptococcus pneumoniae+.     
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FIGURE LEGENDS 

FIGURE 1.  Quantitation of SerpinB1 in CF BALF.  SerpinB1 (42-kD) was quantified by immunoblot 

(Laemmli gels, reducing conditions) and densitometry relative to rSerpinB1 standard. Insert: Standard 

(Std), control BALF (Ctrl), CF BALF. Data for non-CF control patients (left), culture-negative CF 

patients (middle) and culture-positive (>300 organisms/ml) CF patients (right). *,culture-positive 

control patients.  Each symbol represents the mean of triplicate assays for an individual patient.  Open 

symbols, elastase-negative (NE-) specimens; stippled symbols, elastase+ (NE+) specimens. A subset 

of the findings were reported in abstract form [33]. 

 
 

FIGURE 2.  Correlation of BALF concentration of SerpinB1 (top), active elastase (middle) and α1AT-

elastase complex (bottom) with neutrophil counts.  Dashed lines indicate the lower limits of detection. 
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FIGURE 3.  Molecular forms of SerpinB1 in CF BALF. (A) Comparison of Tris/glycine (Laemmli) (top) 

and Bis/Tris SDS gels (bottom).  Standard SerpinB1 species were generated by reacting rSerpinB1 

with increasing elastase.  The molecular forms separated on Bis/Tris gels are: 42-kD active SerpinB1 

(bottom, left lane), the 66-kD SerpinB1-protease complex, partially degraded complex (∗), and 38-kD 
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cleaved SerpinB1.  (B) Bis/Tris immunoblots of patient BALF. Top:  Lanes 1-9, coded BALF 

specimens of CF patients; all but specimens 6 and 7 are elastase-positive; lane 10, the single disease 

control specimen (out of 11 analyzed) that had SerpinB1 detectable by this method.  Right lane: 

mixture of standards (Stds).  The major species in CF BALF is 38-kD cleaved SerpinB1 with variable 

minor amounts of 66-kD complex.  A degradation product is seen in BALF # 2, 3 and 9.  Bottom: 

Repeat analysis to verify size (38 kD) of the species in CF patient BALF.  Groups of rSerpinB1 

standard, standard mixed with CF BALF and CF BALF sample alone were analyzed.  Lanes 2 and 3 

contain pool of 4 CF samples (2 elastase positive and 2 elastase negative), lanes 5 and 6 contain CF 

BALF run in lane 4 (top panel), lanes 8 and 9 contain an elastase-positive CF BALF, and lanes 11 

and 12 contain CF BALF sample run in lane 8 (top panel).    

 
 

FIGURE 4.  Recombinant SerpinB1 inhibits endogenous elastase in CF BALF.  Neutrophil elastase  

(top) or elastase-positive BALF, CF-32 (middle) and CF-33 (bottom) (all containing 500 ng of elastase 

activity), were allowed to react with varying amounts of rSerpinB1 in a 50 μl reaction for 5 min, and 

remaining elastase activity was assayed.  Results are the average of duplicate assays. CF-32 and 

CF-33 BALF contain 15.8 and 34.3 μg/ml active elastase, respectively. 
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FIGURE 5.  Reaction of α1AT (top) and SerpinB1 (bottom) with elastase and stability over time of the 

resulting covalent complexes.  α1AT or SerpinB1 (1.3 μM) were allowed to react with varying molar 

ratios of elastase (indicated by protease:inhibitor ratio, P:1) ranging from subthreshhold to excess 

elastase.  The reactions were stopped after 5min, 30 min, 3 h, or 18 h, and the products analyzed by 

Coomassie blue stained Bis/Tris gels.  α1AT (top, left lane) migrates at 52-kD; its complex with 

elastase at 76-kD; pure SerpinB1 (bottom, left lane) migrates at 42-kD; its complex with elastase at 

66-kD.  B. Quantitation of α1AT-elastase complex and SerpinB1-elastase complex remaining over 
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time for the reactions with excess elastase (P:I of 1.25).  The 5 min values were considered 100%.  

Results are the mean ± SEM of 3 experiments.  cpx, complex. 

 

 
 
 
 


