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Journal club

Role of kinase suppressor of Ras-1 in Pseudomonas
aeruginosa infections
Respiratory infection with Pseudomonas aeruginosa can have serious implications, particularly
on a background of immunodeficiency, cystic fibrosis and mechanical ventilation. In this
study, by conducting a series of experiments on mice, the authors identified the key role of
the kinase suppressor of Ras-1 (Ksr1), an enzymatic protein, in the innate host response to
P aeruginosa infection.
Ksr1 deficiency impairs the bactericidal activity of alveolar macrophages and, as

a consequence, Ksr1-deficient mice were found to die of sepsis from failed clearance of
Paeruginosa. The bactericidal activity of alveolar macrophages and neutrophils is mediated by
the formation and release of nitric oxide (NO) and peroxynitrite, which is triggered by Ksr1.
This occurs through a previously unidentified pathway where Ksr1 functions as a unique
scaffold and mediates the interaction between inducible NO synthase (iNOS) and heat shock
protein 90, thereby activating iNOS and releasing NO, which kills the bacteria.
The authors concluded that this study identifies a unique role of Ksr1 in bacterial infection

and they have shown a link between Ksr1 and the regulation of bacterial pneumonia and sepsis.

< Zhang Y, Li X, Carpinteiro A, et al. Kinase suppressor of Ras-1 protects against pulmonary Pseudomonas aeruginosa infections.
Nat Med 2003;17:341e6.
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Distinct pattern of inflammation in bronchoalveolar lavage and bronchial mucosa of

children with cystic fibrosis
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METHODS

Subjects - CF children

All CF children undergoing flexible bronchoscopy for a clinical reason at the Royal

Brompton Hospital between March 2003 and June 2007 (n= 183) were considered for

participation in the study. One-hundred and seven CF children were recruited. Sufficient

biopsy material (see inclusion criteria below) was available in 46 of them. These children had

following CFFTR genotypes: F508del/F508del (n=27, 59%); F508del/G542X (n=2, 4%);

F508del/1717-1G>A (n=2; 4%); F508del/other (n=6, 13%); other or unknown (n=9, 20%).

CF diagnoses had been made clinically, as CF newborn screening had not been implemented

at the time of this study. 

Flexible bronchoscopy 

Depending on the size of the child, different bronchoscopes were used: BFXP40 (2.8 mm

external diameter), BF-3C20 or 3C40 (3.6 mm external diameter), or BF-MP60

(videobronchoscope, 4.0 mm external diameter), or BF-P20D (4.9 mm external diameter), all

from Olympus (Tokyo, Japan). Up to 5 endobronchial biopsies were taken under direct vision

from a standardized site (i.e. sub-segmental bronchi of the right lower lobe). Small reusable

forceps (FB-56D, oval cup with rat tooth jaw; KeyMEd; Southend-on-Sea, Essex, UK) were

used with the 2.8-mm or 3.6-mm bronchoscope (both with a 1.2-mm working channel). Large

reusable forceps (FB-19-C1, oval cup standard; KeyMed) or single use forceps (FB-231D,

oval cup standard; KeyMed) were used with the 4.0-mm or 4.9-mm bronchoscope (working

channel 2.0 vs. 2.2 mm, respectively). 

Bronchoalveolar lavage (BAL)

BAL was performed for clinical reasons in all children, and was primarily used for

microbiological assessment. Therefore, in some cases, there was not enough material left for

cell counts.

Biopsy processing and staining

Biopsies were fixed in 10% formal saline solution overnight and processed into paraffin

blocks. One 3 m section was stained with haematoxylin and eosin and categorized as

‘evaluable` or ‘non-evaluable’. To be categorized as “evaluable”, a biopsy had to fulfill

following criteria: (i) presence of epithelium, reticular basement membrane (RBM) and
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subepithelial tissue; (ii) good orientation; (iii) minimal crush, edema or blood within the

biopsy (E1). Biopsies with ‘evaluable’ sections were then cut further and up to ten 3 m

sections were then taken at 50 m intervals and stained with monoclonal mouse anti-human

neutrophil elastase (NE)(M0752, DAKO, Glostrup, Denmark) for neutrophils, polyclonal

rabbit anti-human CD3 (A0452, DAKO, Glostrup, Denmark) for T-lymphocytes, monoclonal

mouse anti-human CD20cy (M0755, DAKO, Glostrup, Denmark) for B-lymphocytes,

monoclonal mouse anti-human CD68 (M0876, DAKO, Glostrup, Denmark) for macrophages,

monoclonal mouse anti-human eosinophilic cationic protein (EG2)(Pharmacia & Upjohn

Diagnostics AB, Uppsala, Sweden) for eosinophils and monoclonal anti-tryptase (M7052,

DAKO, Glostrup, Denmark) for mast cells (E2-E4). Neutrophils, T- and B-lymphocytes and

macrophages were identified using the DAKO Autostainer streptavidin method® (DAKO,

Glostrup, Denmark) after heat-mediated antigen retrieval by pressure cooking in 0.01M citrate

buffer (except for neutrophils, for which no pre-treatment was needed). Eosinophils and mast

cells were identified using the EnVision-alkaline phosphatase (EV-AP) technique (DAKO,

Glostrup, Denmark), as previously described (E5). Some biopsies did not yield enough

sections to perform all stains. 

A subset of the biopsies (n=30) from CF children was also stained with monoclonal mouse

anti-human CD83 (VP-C368, Vector, Burlingame, Ca, USA) for mature dendritic cells (DCs),

as previously described (E6).  However, there were only very few positive cells in these

samples (1-2 positive cells in only 3/30 biopsy samples), and therefore this stain was not

performed for the rest of the biopsy samples. 

Quantification of inflammatory cells on biopsies 

Sections were coded and counted by two blinded observers (NR and LT). Areas of

subepithelial tissue, excluding areas with mucus-secreting glands, bronchial smooth muscle

and large vessels, were assessed using an Apple Macintosh computer and Image 1.5 software

(Apple Computer, Cupertino, CA). To be included in the study, we required a priori that each

child had at least one biopsy with at least 0.1 mm2 of subepithelial tissue (E7). 

Using a light microscope (Dialux 20, Leitz, Wetzlar, Germany) at x400 magnification, area

profile counts were used to count inflammatory cells in the subepithelial tissue of each biopsy

specimen. The data were expressed as the number of cut cell profiles with a nucleus visible

(i.e., positive cells) per square millimeter of the subepithelium, the mean of all evaluable

biopsy specimens representing the value for that subject.
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Repeatability and variability

Intra-observer repeatability and within-observer, within-biopsy and between-biopsy

variability were determined (E8). The mean intra-observer repeatability, expressed as

coefficient of variation (C%V) for cell count measurements on four occasions ranged from

7.7% (T-lymphocytes) to 23.9% (B-lymphocytes, Table E1). 

Table E1. Repeatability and variability of cell count measurements, expressed as percent

coefficient of variation (CV).

Neutrophils
T-

lymphocytes
B-

lymphocytes
Macrophages

Mast
cells

Eosinophils

Intra-observer
repeatability

13.4 7.7 23.9 14.9 9.1 8.1

Within-biopsy
variability

21.9 9.3 33.9 13.2 12.9 n.a.

Between-biopsy
variability

130.2 64.2 51.5 63.8 76.9 173.2

Definition of abbreviation: n.a. = not assessed

Within a single biopsy, the between-section CV for four sections ranged from 9.3% (T-

lymphocytes) to 33.9% (B-lymphocytes). Between-biopsy CV ranged from 51.5% (B-

lymphocytes) to 173.2% (eosinophils). Overall inter-observer agreement of the two blinded

observers (NR and LT) for cell counts was good (ICC=0.87) and ranged from 0.61

(neutrophils) to 0.95 (mast cells). These results are similar to those previously published (E9).

Reticular basement membrane (RBM) thickness

Reticular basement membrane (RBM) thickness was measured on 3 m thick haematoxylin

and eosin-stained coded sections as previously described (E10, E11). One section of each

biopsy was selected which showed identifiable epithelium and submucosal with at least 800

m of RBM. RBM thickness was measured by a blinded observer (NR) using light

microscopy and computer-aided image analysis (NIH Image 1.55; National Institutes of

Health, Bethesda, Maryland, USA) by taking the geometric mean of 40 measurements at 20

m intervals. The mean intra-observer repeatability as coefficient of variation (CV) for RBM

thickness measurements on four occasions was 5.2%. Within a single biopsy, the between-
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section CV for seven sections was 18.9%. The mean [SD] between-biopsy CV obtained from

10 patients in whom RBM thickness was measured in 3 biopsies was 15.8 [6.6]%. 

Airway smooth muscle (ASM) mass

Airway smooth muscle (ASM) mass was assessed on 3 m thick haematoxylin and eosin

stained sections using equations from design-based stereology (E12, E13), as described

previously (E14). The ASM volume fraction was measured using point and line intersection

counting. Briefly, the numbers of points overlying ASM and other subepithelial tissue and the

number of lines intersecting the apical surface of RBM by light microscopy were recorded

using a x10 lens and a M168 counting grid (x390 total magnification, Figure E3). 

Stereological data were calculated from point and line intersection counts as follows: 

(1) volume fraction of ASM indexed to volume of subepithelial tissue: Vv

(sm/subepithelium) =  (points on ASM) / (points on subepithelial tissue) 

(2) volume fraction of ASM indexed to surface area of RBM: V/S (sm/rbm)  =

(points on ASM x l(p)) / (2 x line intersections with RBM); where l(p) denotes

length per point (m) 

Statistical analysis

Data were analyzed on a ‘per individual’ as opposed to ‘per biopsy’ basis, e.g. the sum of the

measurements obtained from all biopsies of a given subject was taken as value for this

subject. SPSS v15 (SPSS Inc, Chicago, IL, USA) and Stata IC 11.0 for Windows (StataCorp,

College Station, TX, USA) were used for statistical analysis. 

Linear regression

Having found a positive association of inflammatory cell counts with age within the CF

group, we performed multivariable regression analyses to adjust group differences for age for

all subsequent analyses done within the CF group. Multivariable models were fitted with

parameters significantly associated with outcomes (numbers of inflammatory cells) in

univariable models (i.e. presence of chest exacerbation, presence of Aspergillus sp. and

presence of Pseudomonas aeruginosa in BAL). We tested whether these parameters remained

significantly associated with outcomes after a backward stepwise exclusion strategy of

dropping the explanatory variable with the highest p-value until only significant associations
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were left in the final model. A p-value <0.05 was considered significant. For linear regression

analyses, non-normally distributed cell counts were transformed to normalize their

distribution (log-transformation for total cell counts, neutrophils and macrophages in BAL

and total cell counts in biopsies; square-root transformation for lymphocytes and eosinophils

in BAL and for neutrophils, macrophages, lymphocytes and eosinophils in biopsies).  
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 LEGENDS TO THE SUPPLEMENTAL FIGURES

Figure E1. Reticular basement membrane (RBM) thickness in biopsies obtained from cystic

fibrosis (CF) children (n=46) and controls (n=16). RBM was significantly thicker in the CF

group. Horizontal bars represent means.

Figure E2. Panel A: Relationship between reticular basement membrane (RBM) thickness in

biopsies obtained from cystic fibrosis (CF) children (n=46) and age. Panel B: Relationship

between reticular basement membrane (RBM) thickness in biopsies obtained from control

children (n=16) and age.

Figure E3. Representative low power view (x200) of an endobronchial biopsy section stained

with haematoxylin and eosin with superimposition of a M168 counting grid, allowing the

measurement of ASM volume fraction 

Figure E4. Airway smooth muscle (ASM) content in endobronchial biopsies from children

with cystic fibrosis (CF, n=46) compared to control children (n=16). Definition of

abbreviations: Vv (sm/subepithelium) = volume fraction of ASM indexed to volume of

airway subepithelial tissue. Horizontal bars represent medians. 
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