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Abstract:  Extracellular matrix metalloproteinase inducer (EMMPRIN), a glycosylated transmembrane protein 
that induces matrix metalloproteinases (MMPs), is minimally expressed in the normal adult lung.  We 
previously reported that it is upregulated in murine bleomycin-induced lung injury.  In this study, we 
determined the expression of EMMPRIN and its association with MMPs-2, -7, and -9 in interstitial 
pneumonias (IPs).  We performed immunohistochemistry for EMMPRIN and MMPs on lung tissue from 22 
subjects with various IPs.  We did bronchoalveolar lavage (BAL) on 9 of these subjects and 13 others with 
IPs to measure the soluble EMMPRIN in BAL fluid.  For comparison, immunohistochemistry or BAL was 
done on 14 subjects without IPs.  The staining intensity for each protein was scored from 0 to 3 in various 
epithelial cell types.  Soluble EMMPRIN in BAL fluid was measured by an enzyme-linked immunosorbent 
assay.  EMMPRIN was prominent in abnormal epithelial cells.  It was more prominent in hyperplastic type II 
cells compared to epithelium in alveolar bronchiolization.  It was also elevated in BAL fluid from the subjects 
with IPs.  MMPs were expressed in cells expressing EMMPRIN, although the profile of MMPs varied among 
the different abnormal epithelial cell types with MMP-2 and MMP-7 in hyperplastic type II cells and MMP-7 



and MMP-9 in cells showing squamous metaplasia and cells comprising bronchiolization.  These results 
suggest a role of EMMPRIN in reepithelialization in IPs. 



Dr. Ricardo V. Lloyd 
Editor in Chief 
Human Pathology 
8-March-2006 
 
Ms. Ref. No.:  YHUPA-D-06-00010 
 
 
Thank you for the review of our manuscript, “Extracellular Matrix Metalloproteinase Inducer 
in Interstitial Pneumonias”.  We appreciate the constructive comments from you and the 
reviewers.  We are pleased to enclose a revised manuscript, marked version of the 
manuscript and point-by-point responses to the comments of the reviewers. 
   
In the revised manuscript, we added a new table (labeled Table 2) according to the 
suggestion of reviewer 2.  That table demonstrates that we have analyzed the three 
histological patterns of IPs, UIP, NSIP, and OP, separately.  While the present findings do 
not point to mechanisms for EMMPRIN induction in IPs or a role of EMMPRIN in the 
development of IPs, we speculate that EMMPRIN affects reepithelialization in IPs via its 
capacity to induce the expression of MMPs, particularly in hyperplastic type II cells.  We 
feel that the manuscript has been improved as a result of the review process and look forward 
to a favorable response to this revision. 
 
 
Thank you for your attention. 
 
Sincerely, 
 
Tomoko Betsuyaku, M.D., Ph.D. 
 
 
POINT-BY-POINT RESPONSE  
 
Reviewer: 1 
 
Reviewer #1: 
General Comments: 
The authors examined the expression of extracellular matrix metalloproteinase inducer 
(EMMPRIN) and matrix metalloproteinases (MMPs) -2, -7, and -9 in interstitial 
pneumonias (IPs) and normal lung tissue, using immunohistochemistry.  In IPs, 
increased immunoreactivity for EMMPRIN and MMPs was detected in hyperplastic 
Type II cells, squamous metaplasia, and "bronchiolization".  Soluble EMMPRIN was 
also elevated in bronchoalveolar lavage (BAL) fluid from patients with IPs.  The 
authors concluded: "These results suggest a functional role of EMMPRIN in IPs" 
(Abstract, page 2). 

Response to Reviewers



 
The problem with this study is that the authors lump usual interstitia l pneumonia, 
nonspecific interstitia l pneumonia, and organizing pneumonia together as 
IPs.  Although it is true that each of the three histological patterns can be classified as 
an IP, they are a very diverse group and their pathogeneses are most likely 
different.  Therefore, for scientific purposes they should be analyzed separately.  The 
data presented in the manuscript do not suggest a functional role of EMMPRIN in 
IPs.  It merely indicates that reactive epithelial cells of all kinds may overexpress 
EMMPRIN.  
 
Otherwise, the scientific methods appear to be valid, the manuscript is well written, and 
the figures are of acceptable quality.   
 
We appreciate the reviewer’s comments.  According to the reviewer’s suggestions, we have 
added new data demonstrating the individual scores for each type of abnormal epithelial cells 
and analyzed them in UIP, NSIP and OP, separately (new Table 2 in the revised manuscript).  
To reflect this change we have revised the manuscript as follows: 
 
“Neither squamous metaplasia nor bronchiolization was observed in OP.  Only hyperplastic 
type II cells were present, and these cells expressed EMMPRIN to various degrees.   
Accordingly, we evaluated EMMPRIN only in UIP and NSIP.  There were no statistical 
differences in the score of EMMPRIN in each type of epithelial cells between UIP and NSIP.  
Therefore, we compared the immunoreactive scores for EMMPRIN between each type of 
hyperplastic epithelial cell in UIP and NSIP together.” (page 9, line 17) 
 
“We assessed the immunohistochemical localization and scored the degree of intensity for 
MMP-2, MMP-7 and MMP-9 in each type of abnormal epithelial cells in UIP and NSIP, 
together.” (page 10, line 14 in the revised manuscript). 
 
We agree that the data presented in the manuscript do not present a functional role of 
EMMPRIN in IPs.  Accordingly, we have revised the last sentence in the abstract to read.  
 
“These results suggest a role of EMMPRIN in reepithelialization in IPs.”(page2, line1).   
 
We also added some additional comments in the conclusion in the text as follows.   
 
“While the present findings do not point to mechanisms for EMMPRIN induction in IPs or a 
role of EMMPRIN in the development of IPs, we speculate that EMMPRIN affects 
reepithelialization in IPs via its capacity to induce the expression of MMPs that influence 
epithelial cell migration, particularly in hyperplastic type II cells.”(page15, line9).     
 
Specific Recommendations: 
Subjects for Immunohistological Studies (page 5): The study population should be 
further detailed.  The authors should mention if these cases were idiopathic or there 



were associated conditions (e.g. connective tissue disease).  
 
In the revised version, the following was added in the materials and methods.  
 
“For immunohistochemistry, the study population consisted of 22 patients with IP; 9 with 
UIP (all idiopathic), 9 with NSIP (3 SjS, 1 PM/DM) and 4 with OP (1 PM/DM).” (page 5, 
line 18). 
 
Subjects for Analysis of EMMPRIN in BAL Fluid (page 6): The authors collected BAL 
fluid from patients with UIP and NSIP "who were clinically and/or pathologically 
diagnosed".  What were the clinical criteria for UIP and NSIP?  (Probable UIP can be 
diagnosed by high resolution computer tomography, but it would be very unusual to 
diagnose NSIP without pathological confirmation.)  
 
 
To clarify the characteristics of the subjects for analysis of EMMPRIN in BAL fluid we have 
revised the manuscript as follows; 
 
“We collected BAL fluids from 22 IP subjects who were diagnosed as UIP (n=13), including 
3 pathological UIP, and pathological NSIP (n=9).” (page 6, line 9) 
 
As recommended by the reviewer, we have added the following description of procedures for 
the method for diagnosis of UIP and NSIP in the revised manuscript.  
 
“In each subject the diagnosis was based on standard clinical criteria and histopathological 
study (14).  Measurements of vital capacity, forced expiratory volume in 1 second, and 
diffusing capacity for carbon monoxide were performed on all the subjects (CHESTAC-55V; 
Chest Co., Tokyo, Japan).  High-resolution computed tomography scans, arterial blood gas 
analysis, and serum Krebs von den Lungen-6 measurements (21) were also performed for all 
the subjects.” (page 5, line 8) 
 
 
Quantification of Immunohistochemistry (page 6): The authors used a 
semi-quantitative scoring system.  The term "Quantification" is misleading. 
 
According to the reviewer’s suggestion, “Quantification of Immunohistochemistry” has been 
changed into “Semi-quantification of Immunohistochemistry” in the revised manuscript. 
(page 7, line 4 in the revised manuscript) 
 
 
Reviewer #2: The authors report the measurement of EMMPRIN in BAL and its 
localization in lung as well as the localization of MMPs 2, 7, and 9 in interstitial 
pneumonias. The work is interesting but raises some major concerns. 
  



Major comments: 
1. The manuscript is mostly descriptive and immunolocalization of MMP2, 7, and 9 in 
epithelial cells in idiopathic interstitial pneumonias has been widely documented: Am J 
Pathol 149: 1241, 2006; Lab Invest 78: 687, 1998; Am J Physiol Lung Cell Mol Physiol 
279: L562, 2000; Am J Respir Crit Care Med, 162: 1949, 2000; Proc Natl Acad Sci  99: 
6292, 2002; PLoS Med 2:e251. 2005.  
 
 
As the reviewer pointed out, the role of MMPs in IP lungs has been investigated for a number 
of years.  We have added another recent paper to our references:  

<18> Pardo A, Gibson K, Cisneros J, Richards TJ, Yang Y, Becerril C, Yousem S, Herrera 
I, Ruiz V, Selman M, Kaminski N. Up-Regulation and Profibrotic Role of Osteopontin in 
Human Idiopathic Pulmonary Fibrosis. PLoS Medicine 2005; 2:e251. 

 
However, we wish to emphasize that our study is novel in that we focused on the expression 
of EMMPRIN, which has the capacity to stimulate production of MMPs in various types of 
abnormal epithelial cells in IP lungs.  To our knowledge, our study is the first to examine 
EMMPRIN in IPs and also the first to assess MMPs in relation to EMMPRIN in IPs.  
 
 
2. The staining intensity is not a good method to score the proteins. It is well known that 
in any immunostaining experiment there are differences in the intensity from slide to 
slide and even in different areas of the same slide. 
 
We agree with the reviewer that there is a limitation in the method of visual scoring the 
immunointensity in general.  To determine the variation by a single observer, the scoring of 
the immunointensity was performed twice in a blind manner.  Pearson’s correlation 
coefficients between the two observation were 0.91 (p<0.0001) for EMMPRIN, 0.97 
(p<0.0001) for MMP-2, 1.0 for MMP-7, and 0.98 (p<0.0001) for MMP-9, respectively.  
Thus, only the latter data set is demonstrated.  The following sentences have been added in 
the revised manuscript.   
 
“Scoring was performed in a blind manner twice, in which the observer (N. O.) was unaware 
of the clinical details of the subjects.  Based on the good Pearson’s correlation coefficients 
between the two observations; 0.91 (p<0.0001) for EMMPRIN, 0.97 (p<0.0001) for MMP-2, 
1.0 for MMP-7, and 0.98 (p<0.0001) for MMP-9, only the latter data set is presented.” (page 
7, line13) 
 
“Statistical analysis was performed by single factor analysis of variance, and Fisher's 
protected least significant difference test was applied as a post hoc test for multiple 
comparisons, while Student's unpaired t-test was used for comparisons between two groups 
and Pearson’s correlation coefficients were calculated to assess the test-retest reliability 
(StatView J 5.0, SAS Institute Inc., Cary, NC).” (page 8, line 8) 
 



 
3. The authors propose that EMMPRIN may be involved in alveolar reepithelialization 
via MMP however, this association is based only by their localization and is mainly 
speculative. 
 
We agree with the reviewer’s comment.  Accordingly, we have revised the last sentence in 
the abstract to read.  
 
“These results suggest a role of EMMPRIN in reepithelialization in IPs.”(page2, line1).   
 
We also added some additional comments in the conclusion in the text as follows.   
 
“While the present findings do not point to mechanisms for EMMPRIN induction in IPs or a 
role of EMMPRIN in the development of IPs, we speculate that EMMPRIN affects 
reepithelialization in IPs via its capacity to induce the expression of MMPs that influence 
epithelial cell migration, particularly in hyperplastic type II cells.”(page15, line9). 
 
We hope that additional studies will be undertaken to evaluate the functional role of 
EMMPRIN in IPs. 
 
4. This manuscript would be greatly enriched if the authors analyze the expression of 
MMPs in the EMMPRIN-deficient mice. 
 
We agree and this thought led to our comment about EMMPRIN-deficient mice in the 
original manuscript (page 15, line 3).  The findings of this study have prompted us to begin 
investigations of the role of EMMPRIN in the induction of MMPs as well as in the 
pathogenesis of fibrosis using EMMPRIN-deficient mice.  We think, however, that these 
studies are beyond the scope of the present report. 
 
Minor comments: 
In the Introduction  line 12 it should say in vitro instead of in vivo. 
 
As recommended we have corrected “in vitro” in the revised manuscript (page 3, line 13). 
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ABSTRACT 

Extracellular matrix metalloproteinase inducer (EMMPRIN), a glycosylated 

transmembrane protein that induces matrix metalloproteinases (MMPs), is minimally 

expressed in the normal adult lung.  We previously reported that it is upregulated in 

murine bleomycin-induced lung injury.  In this study, we determined the expression of 

EMMPRIN and its association with MMPs-2, -7, and -9 in interstitial pneumonias (IPs).  

We performed immunohistochemistry for EMMPRIN and MMPs on lung tissue from 

22 subjects with various IPs.  We did bronchoalveolar lavage (BAL) on 9 of these 

subjects and 13 others with IPs to measure the soluble EMMPRIN in BAL fluid.  For 

comparison, immunohistochemistry or BAL was done on 14 subjects without IPs.  The 

staining intensity for each protein was scored from 0 to 3 in various epithelial cell types.  

Soluble EMMPRIN in BAL fluid was measured by an enzyme-linked immunosorbent 

assay.  EMMPRIN was prominent in abnormal epithelial cells.  It was more 

prominent in hyperplastic type II cells compared to epithelium in alveolar 

bronchiolization.  It was also elevated in BAL fluid from the subjects with IPs.  

MMPs were expressed in cells expressing EMMPRIN, although the profile of MMPs 

varied among the different abnormal epithelial cell types with MMP-2 and MMP-7 in 

hyperplastic type II cells and MMP-7 and MMP-9 in cells showing squamous 



 2 

metaplasia and cells comprising bronchiolization.  These results suggest a role of 

EMMPRIN in reepithelialization in IPs. 

 

Abbreviations  

BAL, bronchoalveolar lavage 

CVD, collagen vascular disease 

EGF, epidermal growth factor 

ELISA, enzyme-linked immunosorbent assay 

EMMPRIN, extracellular matrix metalloproteinase inducer   

IP, interstitial pneumonia  

KL-6, krebs von den lungen-6  

MMP, matrix metalloproteinase 

NSIP, nonspecific interstitial pneumonia  

OP, organizing pneumonia 

PM/DM, polymyositis/dermatomyositis 

TGF-β, transforming growth factor-β 

SjS, Sjögren’s syndrome 

UIP, usual interstitial pneumonia 
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INTRODUCTION 

Extracellular matrix metalloproteinase inducer (EMMPRIN) is a highly 

glycosylated protein of 43-66 kD with a protein core of ~27 kD, that has been identified 

as a member of the immunoglobulin superfamiliy (1, 2).  It is also known as CD147 

and M6 in humans, HT7, neurothelin and 5A11 in chickens, gp42 and basigin in mice, 

and OX-47 and CE9 in rats, and the molecule must be glycosylated to be functional (3).  

EMMPRIN is strongly expressed in fetal lung epithelium (4, 5), which suggests a 

physiologic role in development.  Although it is essentially absent in normal adult 

lungs (6) and most other adult tissues, upregulation has been reported in diverse human 

pathologic processes, such as myocardial fibrosis, hepatitis C virus-associated cirrhotic 

liver (7), and chronic smokers’ lung (6), as well as in various malignant tumors (8).  A 

defined property of EMMPRIN is its capacity to stimulate production of matrix 

metalloproteinases (MMPs) by mesenchymal cells in vitro, including MMP-1 

(interstitial collagenase), MMP-2 (gelatinase A), MMP-3 (stromelysin-1) (9, 10), 

MMP-9 (gelatinase B) (11) and membrane type 1-MMP (MMP-14) (12). 

Interstitial pneumonias (IPs) are a heterogeneous group of chronic, fibrosing 

lung disorders, in which primary injury to the epithelium and basement membrane or 

secondary injury to these structures due to persistent inflammation leads to migration of 
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fibroblasts and myofibroblasts into air spaces with deposition of extracellular matrix.  

The term IPs encompasses situations in which the fibrosing process is associated with a 

known condition is present such as collagen vascular disease (CVD), environmental or 

drug-induced exposure, or when it arises without a known association and then is 

designated idiopathic pulmonary fibrosis.  Pathologically, the patterns of IPs have been 

classified as usual interstitial pneumonia (UIP), nonspecific interstitial pneumonia 

(NSIP) and organizing pneumonia (OP), in addition to other classifications (13).  UIP 

appears to be the result of abnormal wound-healing, with features of progressive 

extracellular matrix accumulation, decreased fibroblast-myofibroblast cell death, 

epithelial cell apoptosis and abnormal reepithelialization, and epithelial to mesenchymal 

transition, leading to irreversible pulmonary structural remodeling.  MMPs, such as 

MMP-2, MMP-7 (matrilysin) and MMP-9, are expressed in hyperplastic epithelial cells 

in distorted parenchymal areas in human IPs (14-18); however, the mechanisms that are 

involved in their upregulation in IPs have not been fully elucidated. 

We previously reported that EMMPRIN is expressed by bronchiolar epithelium 

in bleomycin-induced lung injury in mice (19).  These findings suggested to us the 

possibility that EMMPRIN might be upregulated in IPs and might have a role in the 

upregulation of MMPs in IPs.  The aims of this study were to assess the 
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immunohistochemical localization of EMMPRIN in IPs and to assess its relationship to 

MMPs.  To further assess EMMPRIN expression in IPs we quantified soluble 

EMMPRIN levels in bronchoalveolar lavage (BAL) fluids from IP patients. 

 

MATERIALS AND METHODS  

Two groups of subjects were studied, one group for histological analysis and 

the other for analysis of EMMPRIN in BAL fluid.  There was overlap between the 

groups in that 1 UIP and 8 NSIP subjects were in both groups.  In each subject the 

diagnosis was based on standard clinical criteria and histopathological study (13).  

Measurements of vital capacity, forced expiratory volume in 1 second, and diffusing 

capacity for carbon monoxide were performed on all the subjects (CHESTAC-55V; 

Chest Co., Tokyo, Japan).  High-resolution computed tomography scans, arterial blood 

gas analysis, and serum Krebs von den Lungen-6 measurements (21) were also 

performed for all the subjects.  Informed consent was obtained from each subject, and 

the Ethics Committee of Hokkaido University approved the study protocols. 

 

Subjects for Immunohistological Studies 

For immunohistochemistry, the study population consisted of 22 subjects with 



 6 

IP; 9 with UIP (all idiopathic), 9 with NSIP (3 SjS, 1 PM/DM) and 4 with OP (1 

PM/DM).  The diagnosis of each subject was based on standard histopathological 

analyses of lung tissues obtained by video-assisted thoracoscopy-guided lung biopsy or 

surgical lobectomy.  The control lung specimens were obtained from 7 nonsmokers (all 

female, 65 ± 3 yrs) who underwent lung lobectomy for small peripheral tumors.  

 

Subjects for Analysis of EMMPRIN in BAL Fluid 

BAL was performed in a lung segment demonstrating disease radiographically.  

We collected BAL fluids from 22 IP subjects who were diagnosed as UIP (n=13), 

including 3 pathological UIP, and pathological NSIP (n=9).  BAL fluids from seven 

age-matched nonsmoking volunteers served as controls, which had been used in a 

previous study (6).   

 

Immunohistochemistry 

Immunohistochemistry was performed as described previously (6).  Primary 

antibodies were anti-human EMMPRIN monoclonal antibody (clone 1G6.2, Chemicon, 

Temecula, CA) at 1:1,000, mouse anti-human MMP-2 monoclonal antibody (clone 

42-5D11, Daiichi Fine Chemical, Toyama, Japan) at 1:250, mouse anti-human MMP-7 
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monoclonal antibody (Clone ID2, NeoMarkers, Fremont, CA) at 1:500, and mouse 

anti-human MMP-9 monoclonal antibody (Clone 56-2A4, Chemicon) at 1:250. 

 

Semi-Quantification of Immunohistochemistry 

Because of the heterogeneity in amount and distribution of abnormal appearing 

epithelial cells (hyperplastic type II cells, squamous metaplasia and bronchiolization) 

within the lungs, the immunostained tissue sections from one block per subject were 

thoroughly investigated to find more than one group of cells for each cell type.  

Staining intensities for EMMPRIN, MMP-2, MMP-7 and MMP-9 expression were then 

scored for each cell type at the same magnification using a visual scoring method with 

grades ranging from 0 to 3 (0 = no staining; 1 = moderate staining; 2 = intense staining; 

3 = very intense staining), as previously described (20).  We evaluated co-localization 

of EMMPRIN with MMPs on serial sections from the same tissue block.  Scoring was 

performed in a blind manner twice, in which the observer (N. O.) was unaware of the 

clinical details of the subjects.  Based on the good Pearson’s correlation coefficients 

between the two observations; 0.91 (p<0.0001) for EMMPRIN, 0.97 (p<0.0001) for 

MMP-2, 1.0 for MMP-7, and 0.98 (p<0.0001) for MMP-9, only the latter data set is 

presented. 
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Quantification of EMMPRIN in BAL Fluid 

  The concentration of EMMPRIN in BAL fluid was determined by an 

enzyme-linked immunosorbent assay (ELISA) as previously described (6).  All assays 

were performed in duplicate and mean values were used. 

 

Statistical Analysis  

Results are expressed as mean ± standard error of the mean (SEM).  Statistical 

analysis was performed by single factor analysis of variance, and Fisher's protected least 

significant difference test was applied as a post hoc test for multiple comparisons, while 

Student's unpaired t-test was used for comparisons between two groups and Pearson’s 

correlation coefficients were calculated to assess the test-retest reliability (StatView J 

5.0, SAS Institute Inc., Cary, NC).  P < 0.05 was considered statistically significant. 

 

RESULTS 

Characteristics of Subjects for Immunohistochemical study 

Clinical characteristics of the IP subjects are summarized in Table 1.  The 

mean interval between onset of symptoms and pathological diagnosis was 12.9 months 
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(UIP; 5.1 months, NSIP; 24.4 months, OP; 4.5 months).  One OP subject was receiving 

inhaled corticosteroid therapy and two NSIP subjects were taking oral corticosteroids.  

There were no significant differences in age, pulmonary function, serum Krebs von den 

Lungen-6 (KL-6) level or arterial blood gas values among the subjects with UIP, NSIP 

and OP. 

 

Immunohistochemical Analysis of EMMPRIN 

EMMPRIN was barely detectable in the airway and alveolar epithelium in 

normal lung tissues, and was only weakly expressed in alveolar macrophages in the 

lungs of the control subjects (Fig. 1A).  In IP lungs, EMMPRIN was intensely 

expressed by the various types of epithelial cells lining the abnormal airspaces, such as 

hyperplastic type II cells, squamous metaplasia and bronchiolization, as well as in 

alveolar macrophages (Fig. 1B-D).  However, it was barely detected in fibroblast foci 

and interstitial fibroblasts.   

Because EMMPRIN was markedly expressed by abnormal epithelial cells in IP 

lungs, the immunoreactive intensity of EMMPRIN was scored for each type of 

epithelial cell (Table 2).  Neither squamous metaplasia nor bronchiolization was 

observed in OP.  Only hyperplastic type II cells were present, and these cells expressed 
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EMMPRIN to various degrees.  Accordingly, we evaluated EMMPRIN only in UIP 

and NSIP.  There were no statistical differences in the EMMPRIN score in each type of 

epithelial cell between UIP and NSIP.  Therefore, we compared the immunoreactive 

scores for EMMPRIN between each type of hyperplastic epithelial cell in UIP and NSIP 

together.  Because there were no differences in staining scores for EMMPRIN between 

non-ciliated and ciliated bronchiolization (2.4 ± 0.2 vs. 2.0± 0.2, NS), the staining score 

for EMMPRIN in bronchiolization was averaged for both cell types.  The EMMPRIN 

staining score was significantly higher in hyperplastic type II cells when compared with 

bronchiolization (2.8 ± 0.1 vs. 2.2 ± 0.1, p<0.05).  However, the staining scores did not 

differ between hyperplastic type II cells and squamous metaplasia (2.8 ± 0.1 vs. 2.5 ± 

0.1, NS) (Fig. 3A).   

 

Expression of MMPs in Diverse Abnormal Epithelial Cells  

We assessed the immunohistochemical localization and scored the degree of 

intensity for MMP-2, MMP-7 and MMP-9 in each type of abnormal epithelial cells in 

UIP and NSIP together.  MMP-2 expression was most prominent in hyperplastic type 

II cells when compared with the other types of hyperplastic epithelium (2.4 ± 0.1 vs. 1.6 

± 0.2 and 1.5 ± 0.2, respectively, p<0.05) (Figs. 2A-C and 3B).  In contrast, expression 
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of MMP-9 was marked in squamous metaplasia and bronchiolization, but only weakly 

detected in hyperplastic type II cells (1.9 ± 0.2 and 2.1 ± 0.2 vs. 1.4 ± 0.1, respectively, 

p<0.05) (Figs. 2D-F and 3C).  MMP-7 was strongly and comparably expressed in 

hyperplastic type II cells, squamous metaplasia and bronchiolization (2.5 ± 0.2, 2.4 ± 

0.2 and 2.4 ± 0.2, respectively) (Figs. 2G-I and 3D). 

 

EMMPRIN in BAL Fluids 

The mean interval between onset of symptoms and collection of BAL fluids 

was 20.8 months (UIP; 13.9 months, NSIP; 27.6 months).  BAL was performed in 

subjects at steady state, except for 2 UIP and 1 NSIP subjects, who were in acute 

exacerbation.  One UIP subject and 3 NSIP subjects were undergoing oral 

corticosteroid therapy.  Total number of cells and differential cell counts in BAL fluid 

are summarized in Table 3.  Total cell number and percentage of neutrophils were 

significantly elevated in IP subjects when compared with normal controls.  EMMPRIN 

levels were significantly elevated in BAL fluid from IP subjects when compared with 

BAL fluids from control subjects (152.8 ± 14.3 pg/ml vs. 81.3 ± 9.7, p<0.05).  Among 

the IP subjects, there were no significant differences in EMMPRIN levels in BAL fluid 

between UIP and NSIP (152.2 ± 19.9 pg/ml vs. 153.7 ± 21.3, NS) (Fig. 4).  There were 
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no significant differences between nonsmokers, former smokers and current smokers 

among the subjects with IP (179.4 ± 19.8 pg/ml, 113.4 ± 26.4 and 154.7 ± 24.1, 

respectively, NS) (data not shown). 

 

DISCUSSION 

In this study, we have observed the prominent expression of EMMPRIN in 

abnormal lung epithelial cells in diverse IPs with differences in intensity in different 

epithelial cell types. The expression was more prominent in hyperplastic type II cells 

compared to epithelium in alveolar bronchiolization (Table 4).  We have also observed 

MMPs in those abnormal epithelial cells.  However, the profiles of MMPs also vary 

between different epithelial cell types and match previous reports of MMPs in IPs 

(14-18). 

Furthermore, we found that EMMPRIN levels were significantly elevated in 

BAL fluid in IPs, but did not correlate with the different histological types of IPs.  

Although smoking is associated with elevated EMMPRIN in BAL fluid (6), the 

elevation of EMMPRIN in BAL fluid in IP subjects was not due to smoking.  Because 

EMMPRIN is increased in IPs with unfavorable as well as favorable prognosis it does 

not appear that EMMPRIN in BAL fluid can be used as a prognostic indicator.  The 
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molecular basis for the release of EMMPRIN from lung epithelial cells is uncertain.  

However, release of soluble EMMPRIN by tumor cells was reported to involve 

MMP-dependent cleavage (22).  Alternatively, microvesicle shedding might occur.  

EMMPRIN release from tumor cell has been amplified by 4 beta-phorbol 12-myristate 

13-acetate, an analogue of diacylglycerol, suggesting a signaling cascade responsible for 

EMMPRIN release (23). 

Although the present study clearly demonstrates upregulation of EMMPRIN in 

abnormal lung epithelial cells in IPs, the mechanisms for upregulation are not yet 

established.  Caveolin-1, an integral membrane protein, oligomerizes and plays a 

central role in the formation of the flask-shaped membrane structures known as 

caveolae (24), and controls self-aggregation of EMMPRIN (25, 26).  Transforming 

growth factor-β (TGF-β) and epidermal growth factor (EGF) upregulate EMMPRIN 

expression in corneal epithelial cells (27) and human breast epithelial cells in vitro (28).  

Considering that these growth factors are associated with IPs (29), it seems reasonable 

to speculate that TGF-β and EGF may affect the expression of EMMPRIN in IPs.  

Interestingly, beta-catenin, a key regulatory protein of the Wnt signaling pathway, may 

be involved in EMMPRIN expression, as EMMPRIN is co-localized with beta-catenin 

on the plasma membranes of hepatocytes and biliary epithelium in hepatitis C 
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virus-associated liver injury (7).  Taken together, it appears likely that the release and 

expression of EMMPRIN in IPs is affected by a variety of factors. 

Repair of epithelium after injury is an important step in normal wound-healing 

processes, such as in IPs (30, 31).  It is uncertain whether the appearance of abnormal 

epithelial cells protects against or promotes fibrosis (32).  We have reported that 

MMP-9 is required for alveolar bronchiolization, probably by facilitating migration of 

Clara cells and other bronchiolar cells into regions of alveolar injury in mice (33).  

Recent studies report MMP-7 in alveolar and bronchiolar epithelial cells in various 

types of pulmonary fibrosis (18), and that mice with MMP-7 deficiency resist 

development of pulmonary fibrosis in response to intratracheal bleomycin (17).  

According to previous reports showing the expression of MMP-1 in hyperplastic 

epithelial cells and alveolar macrophages in IPs (16, 17, 29), it is also speculated to be 

co-localized with EMMPRIN in those cells.  Taken together, our findings suggest that 

EMMPRIN may be involved in reepithelialization in IPs via effects on MMP expression 

in various types of abnormal epithelial cells.  Alternatively, EMMPRIN upregulation 

may simply reflect a response to another underlying pathologic mechanism, including 

reepithelialization.  Possible mechanisms underlying EMMPRIN-mediated MMP 

induction have been uncovered in carcinoma cells (8).  Homophilic interactions 
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between EMMPRIN molecules on the plasma membranes of cells (34) or heterophilic 

interactions between EMMPRIN molecules and a putative receptor on different cells 

(10) may induce MMPs.  To elucidate the role of EMMPRIN in induction of MMPs in 

alveolar injury and fibrosis we are studying EMMPRIN-deficient mice (35). 

In summary, lungs affected by IPs show EMMPRIN which is not present in 

normal lung.  Cells expressing EMMPRIN co-express MMPs, but the profile of MMPs 

varies between different epithelial cell types.  The increase in EMMPRIN expression 

in abnormal epithelial cells is reflected by increased levels of soluble EMMPRIN in 

BAL fluid.  While the present findings do not point to mechanisms for EMMPRIN 

induction in IPs or a role of EMMPRIN in the development of IPs, we speculate that 

EMMPRIN affects reepithelialization in IPs via its capacity to induce the expression of 

MMPs that influence epithelial cell migration, particularly in hyperplastic type II cells. 
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Figure Legends 

Fig. 1.  Immunohistochemical localization of EMMPRIN 

EMMPRIN is barely detectable in bronchiolar epithelial cells in airways in one of the 

controls (A).  In UIP, hyperplastic type II cells (B, arrowheads) and squamous 

metaplasia (C, arrows) are strongly immunostained for EMMPRIN, and 

bronchiolization shows weaker-staining for EMMPRIN (D: non-ciliated type, arrows).  

Original magnification, ×400. 

 

Fig. 2.  Immunohistochemical localization of MMP-2, MMP-9 and MMP-7 

MMP-2 is strongly detected in hyperplastic type II cells (A, arrowheads), but is weakly 

detected in squamous metaplasia (B, arrows) and bronchiolization (C, non-ciliated type, 

arrows) in UIP.  MMP-2 deposition is also found in fibroblasts (C, *).  MMP-9 is 

weakly detected in hyperplastic type II cells (D, arrowheads), while MMP-9 is strongly 

detected in squamous metaplasia (E, arrow) as well as in bronchiolization (F: 

non-ciliated type, arrow) in UIP.  MMP-7 is strongly detected in hyperplastic type II 

cells (G, arrowheads) and squamous metaplasia (H, arrow).  Non-ciliated 

bronchiolization (I, arrows) in UIP also shows strong immunoreactivity.  Original 

magnification, ×400. 
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Fig. 3.  Expression of EMMPRIN, MMP-2, MMP-7 and MMP-9 in abnormal 

epithelial cells in IPs 

Hyperplastic type II cells showed significantly higher expression of EMMPRIN when 

compared with bronchiolization (p<0.05) (A).  The staining score for MMP-2 was 

significantly higher in hyperplastic type II cells when compared with squamous 

metaplasia and bronchiolization (p<0.05) (B), but that for MMP-9 was significantly 

higher in squamous metaplasia and bronchiolization when compared with hyperplastic 

type II cells (p<0.05) (C).  There were no significant differences among the diverse 

hyperplastic epithelial cells in staining score for MMP-7 (NS) (D).  type II = 

hyperplastic type II cells, sq meta = squamous metaplasia, br = bronchiolization.  *; 

p<0.05 vs. hyperplastic type II cells. 

 

Fig. 4.  EMMPRIN in BAL fluid 

EMMPRIN levels were significantly elevated in BAL fluid from IP subjects, as 

compared to control subjects (p<0.05), but not different between UIP and NSIP (open 

circles, normal controls; closed circles, UIP; shaded circles, NSIP).  *; p<0.05 vs. 

controls. 
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