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Abstract
Objective: To study the expression of COX-1 and COX-2 in the remodeled lung in systemic sclerosis (SSc) and 
idiopathic pulmonary fibrosis (IPF) patients, correlating that expression with patient survival. Methods: We 
examined open lung biopsy specimens from 24 SSc patients and 30 IPF patients, using normal lung tissue as 
a control. The histological patterns included fibrotic nonspecific interstitial pneumonia (NSIP) in SSc patients 
and usual interstitial pneumonia (UIP) in IPF patients. We used immunohistochemistry and histomorphometry 
to evaluate the expression of COX-1 and COX-2 in alveolar septa, vessels, and bronchioles. We then correlated 
that expression with pulmonary function test results and evaluated its impact on patient survival. Results: The 
expression of COX-1 and COX-2 in alveolar septa was significantly higher in IPF-UIP and SSc-NSIP lung tissue 
than in the control tissue. No difference was found between IPF-UIP and SSc-NSIP tissue regarding COX-1 and 
COX-2 expression. Multivariate analysis based on the Cox regression model showed that the factors associated 
with a low risk of death were younger age, high DLCO/alveolar volume, IPF, and high COX-1 expression in 
alveolar septa, whereas those associated with a high risk of death were advanced age, low DLCO/alveolar 
volume, SSc (with NSIP), and low COX-1 expression in alveolar septa. Conclusions: Our findings suggest that 
strategies aimed at preventing low COX-1 synthesis will have a greater impact on SSc, whereas those aimed at 
preventing high COX-2 synthesis will have a greater impact on IPF. However, prospective randomized clinical 
trials are needed in order to confirm that. 
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Resumo
Objetivo: Estudar a expressão de COX-1 e COX-2 em áreas pulmonares remodeladas em pacientes com esclerose 
sistêmica (ES) ou fibrose pulmonar idiopática (FPI) e correlacioná-la com a sobrevida desses pacientes. Métodos: 
Examinamos espécimes de biópsia pulmonar a céu aberto de 24 pacientes com ES e de 30 pacientes com FPI, 
utilizando-se tecido pulmonar normal como controle. Os padrões histológicos incluíram pneumonia intersticial 
não específica (PINE) fibrótica em pacientes com ES e pneumonia intersticial usual (PIU) nos pacientes com 
FPI. Imuno-histoquímica e histomorfometria foram usadas para avaliar a expressão celular de COX-1 e COX-2 
em septos alveolares, vasos e bronquíolos, sua correlação com provas de função pulmonar e seu impacto na 
sobrevida. Resultados: A expressão de COX-1 e COX-2 em septos alveolares foi significativamente maior em 
FPI-PIU e ES-PINE do que no tecido controle. Não houve diferença entre FPI-PIU e ES-PINE quanto à expressão 
de COX-1 e COX-2. A análise multivariada baseada no modelo de regressão de Cox mostrou que os fatores 
associados a baixo risco de morte foram ter idade menor, valores elevados de DLCO/volume alveolar, FPI, e alta 
expressão de COX-1 em septos alveolares, ao passo que os fatores associados a alto risco de morte foram ter 
idade maior, valores baixos de DLCO/volume alveolar, ES (com PINE) e baixa expressão de COX-1 em septos 
alveolares. Conclusões: Nossos resultados sugerem que estratégias de prevenção de baixa síntese de COX-1 
terão maior impacto sobre a ES, ao passo que as de prevenção de alta síntese de COX-2 terão maior impacto 
sobre a FPI. Porém, são necessários ensaios clínicos randomizados prospectivos para confirmar essa hipótese. 

Descritores: Escleroderma sistêmico; Fibrose pulmonar idiopática; Inflamação; Taxa de sobrevida. 
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Methods

Between January of 2002 and July of 2008, 
24 consecutive patients with SSc and interstitial 
lung disease and 30 patients suspected of 
having IPF on the basis of HRCT findings were 
submitted to open lung biopsy at the University 
of São Paulo School of Medicine Hospital das 
Clínicas, located in the city of São Paulo, Brazil. 
All patients fulfilled the diagnostic criteria for 
SSc(19) and IPF(1) Open lung biopsy was performed 
by formal thoracotomy, areas of honeycombing 
being avoided. All patients gave written informed 
consent, and the study was approved by the 
local research ethics committee (Protocol no. 
0960/08). 

We analyzed the clinical records of all patients. 
Disease duration was determined on the basis 
of the onset of the first symptom. Pulmonary 
function testing and HRCT were performed within 
up to 3 months before the biopsy. Pulmonary 
function testing included VC, FEV1, FVC, 
FEV1/FVC, TLC, RV, and DLCO. Physiological 
assessment was performed before open lung 
biopsy and before the initiation of treatment. All 
pulmonary function tests, including spirometry, 
determination of lung volumes, and measurement 
of DLCO, were performed on the same day. All 
spirometric tests were performed with a calibrated 
pneumotachograph (Medical Graphics Co., St. 
Paul, MN, USA), all values being expressed as a 
percentage of their respective predicted value, 
the reference values having been established by 
Pereira et al.(20) Lung volumes were measured with 
a whole-body plethysmograph (Medical Graphics 
Co.), all values being expressed as a percentage 
of the predicted values.(21) Diffusing capacity 
was expressed as a percentage of the predicted 
values.(22) Diffusing capacity was expressed as a 
percentage of the predicted values.(23) All patients 
were followed regularly after treatment until death, 
blood and lung function tests being regularly 
performed. The primary endpoint was to evaluate 
the impact of COX-1 and COX-2 changes on 
survival and analyze differences between SSc and 
IPF. Table 1 shows the demographic data. As a 
control, normal lung tissue was obtained from 
10 individuals (6 males and 4 females) whose 
median age was 46.6 ± 5.8 years and who had 
died suddenly of nonpulmonary causes. 

Regarding open lung biopsy findings, usual 
interstitial pneumonia (UIP), the histological pattern 
of IPF, was characterized by patchy subpleural 

Introduction

Lung remodeling is a common end-stage 
sequela of idiopathic pulmonary fibrosis (IPF) and 
systemic sclerosis (SSc), resulting in disruption of 
lung architecture, leading to progressive respiratory 
failure.(1-4) Histologically, the remodeling process 
is characterized by diffuse chronic interstitial 
inflammation and increased fibroblast proliferation, 
as well as by increased extracellular matrix synthesis 
and collagen deposition.(2,5,6) Therefore, modulation 
of inflammation, fibroblast proliferation, and 
collagen synthesis by effector mediators in IPF and 
SSc is very important. Despite the characterization 
of a variety of key participants, the mediators 
and mechanisms involved in the pathogenesis 
of IPF and SSc have yet to be fully defined, 
which might explain the limited number of 
therapeutic approaches, with little impact on 
long-term survival.(7,8) 

It is known that COX is the key enzyme in the 
conversion of arachidonic acid to prostaglandin 
E2 (PGE2), the precursor of a diverse family of 
bioactive lipid mediators including prostaglandins, 
thromboxane, and prostacyclin. It exists in two 
isoforms, namely COX-1 and COX-2. The former is 
constitutively expressed in most tissues and acts 
as a housekeeping enzyme regulating vascular 
homeostasis, protecting the gastric mucosa, and 
maintaining renal integrity,(9,10) whereas the latter 
has lower levels of expression in most tissues but is 
inducible in response to growth factors, cytokines, 
and other proinflammatory molecules.(11-13) 

Regarding the proinflammatory and anti-
inflammatory roles of COX-1 and COX-2, 
immunohistochemistry can be a useful tool 
to detect COX-1 and COX-2 in the remodeled 
lung in patients with SSc and IPF. Data on the 
assessment of COX-1 and COX-2 in the remodeled 
lung have previously been reported in serum(14,15) 
and bronchoalveolar lavage fluid(16) from patients 
with SSc, as well as in fibroblast cultures(4) and 
biopsies(17,18) from patients with IPF. However, 
the roles of COX-1 and COX-2 in the mechanisms 
involved in the remodeled lung in IPF and SSc 
patients are still unclear, and there has been 
uncertainty regarding the best way to detect 
COX-2. The aim of the present study was to 
study the expression of COX-1 and COX-2 in lung 
biopsy specimens (COX-1 and COX-2 expression 
being separately evaluated in alveolar septa, 
bronchioles, and vessels) and correlate it with 
patient survival. 
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being substituted for the primary antibody in the 
staining protocol), which revealed no staining. 

Regarding histomorphometry, COX-1 expression 
and COX-2 expression were assessed by a point-
counting technique in 50 and 30 fields in alveolar 
septa, bronchiolar walls, and vascular walls in 
the control tissue, in the UIP tissue, and in 
the NSIP tissue. The technique was performed 
with a 100-point grid (area, 187,500 µm(21); 
magnification, ×400) attached to the microscope 
eyepiece.(23) At a magnification of ×400, the septal, 
bronchiolar, and vascular areas in each field were 
calculated on the basis of the number of points 
overlying connective tissue, as a proportion of 
the total grid area. Subsequently, the number of 
immunostained cells within the septal, bronchiolar, 
and vascular areas was counted. The areal fraction 
of immunostained cells represents the percentage 
ratio of the area of labeled cells in relationship to 
the total area covered by the grid in the eyepiece. 

In order to assess interobserver variability, we 
compared the results obtained by two observers in 
20% of the slides. The coefficient of variation for 
the interobserver error of the cell count was 5%. 

Data are presented as mean ± SD and 95% 
CI. The Student’s t-test for independent samples 
was used in order to test the relationship between 
continuous variables, and the residuals were 
examined to ensure that they were approximately 
normally distributed. The relationship between 
cellularity (as determined by immunostaining) and 
pulmonary function test results was evaluated 
by Pearson’s correlation coefficient. For all 
cases, measured variable values were arranged 

and paraseptal distribution of parenchymal 
injury. Temporal heterogeneity was seen at low 
magnification, areas of normal lung parenchyma 
alternating with alveolar collapse, interstitial 
mononuclear infiltrates, septal fibromyxoid tissue 
(fibroblastic foci), and honeycomb lung.(2) All of 
the patients with SSc had histological patterns 
consistent with fibrotic nonspecific interstitial 
pneumonia (NSIP), as defined by temporally 
homogeneous septal thickening and interstitial 
fibrosis.(19) 

For immunohistochemistry analysis, a 
standard peroxidase technique was used (Harris’s 
hematoxylin being used as the counterstain) in 
order to identify COX-1 and COX-2 expression 
in alveolar septa, bronchiolar walls, and vascular 
walls in normal lung tissue (the control tissue), 
in lung tissue showing the UIP pattern (the UIP 
tissue), and in lung tissue showing the NSIP 
pattern (the NSIP tissue). All antibodies used 
were biotinylated goat polyclonal antibodies. 
Anti-COX-1 and anti-COX-2 antibodies (Santa 
Cruz Biotechnology, Inc., Santa Cruz, CA, USA) 
were incubated with tissue sections at dilutions 
of 1:50 and 1:100, respectively. The Novolink 
Max Polymer amplification kit (Leica Biosystems 
Newcastle Ltd, Newcastle upon Tyne, UK) was used 
for signal amplification, and 3,3’-diaminobenzidine 
tetrahydrochloride (0.25 mg dissolved in 1 mL 
of 0.02% hydrogen peroxide) was used as a 
precipitating substrate for signal detection. The 
specificity of primary antibodies was confirmed 
by appropriate reagent controls (the primary 
antibody being omitted or nonimmune serum 

Table 1 ‑ Clinical data of the patients with systemic sclerosis and of those with idiopathic pulmonary fibrosis.a 
Variable SSc patients IPF patients

Number 24 30
Males/females 0/24 16/14
Age at biopsy, years 45.0 ± 9.0 64.7 ± 7.9
Spirometry

FEV1, % of predicted 70.50 ± 14.42 77.58 ± 20.06
FVC, % of predicted 65.00 ± 13.85 70.87 ± 16.88
FEV1/FVC 107.96 ± 8.70 92.75 ± 18.55
TLC, % of predicted 81.00 ± 11.57 77.55 ± 20.32
RV, % of predicted 117.5 ± 35.52 98.21 ± 61.14
DLCO, % of predicted 66.86 ± 21.68 56.27 ± 23.18
DLCO/AV, % of predicted 77.76 ± 37.28 55.66 ± 31.62

Follow-up period, months 70.75 (96)b 46.32 (69)b

Patients censored for survival analysis at the last follow-up visit 19 15
SSc: systemic sclerosis; IPF: idiopathic pulmonary fibrosis; and AV: alveolar volume. aValues expressed as mean ± SD, 
except where otherwise indicated. bValues expressed as median (range). 
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Figure 1 shows alveolar septa, vessels, and 
bronchioles in the control tissue, in the NSIP 
tissue, and in the UIP tissue immunostained 
for COX-1 (in A, C, E, G, I, K, M, O, and Q) and 
COX-2 (in B, D, F, H, J, L, N, P, and R). The NSIP 
and UIP tissues differed from the control tissue 
in terms of the immunostaining intensity of 
epithelial cells, endothelial cells, myofibroblasts, 
and smooth muscle cells in the alveolar septa, 
vessels, and bronchioles. 

Table 2 summarizes the morphometric 
results. The proportion of alveolar septal cells 
immunostained for COX-1 and COX-2 was 
significantly higher in the UIP and NSIP tissues 
than in the control tissue. In other words, high 
proportions of alveolar septal cells staining for 
COX-1 and COX-2 were associated with the UIP 
and NSIP patterns. As can be seen in the bar 
plots in Figure 1 (S and T) the relationship of 
COX-1 and COX-2 with IPF (the UIP pattern) was 
stronger than was that of COX-1 and COX-2 with 
SSc (the NSIP pattern). Although the proportion 
of bronchiolar cells immunostained for COX-2 
was lower in the NSIP and UIP tissues than in 
the control tissue (Figure 1W), the difference 
was not statistically significant. In addition, 
although the proportion of bronchiolar cells 
immunostained for COX-1 was higher in the 
UIP and NSIP tissues than in the control tissue 
(Figure 1W), the difference was not significant. 
No differences were found among the tissues in 
terms of the COX-1 or COX-2 immunostaining, 
for vessels or for the total parenchyma (Table 2). 

A preliminary analysis of the Kaplan-Meier 
survival curves showed that survival was better in 
the patients with SSc (the fibrotic NSIP pattern) 
and COX-2 expression > 2.25% (median survival, 
70.75 months) than in those with IPF (the UIP 
pattern) and COX-2 expression < 2.25% (median 
survival, 46.32 months; Figure 2). Therefore, 
we coded the fibrotic NSIP pattern as a single 
dummy variable with a value of 1 and the UIP 
pattern with a value of 2. The results of the 
multivariate analysis based on the Cox proportional 
hazards regression model are shown in Table 3. 
After controlling for age, pulmonary function 
test results, the UIP pattern, and the fibrotic 
NSIP pattern, we found that only two variables 
were significantly associated with survival time: 
the fibrotic NSIP pattern and alveolar septal 
COX-2 (p = 0.02). Once these two variables were 
accounted for, none of the others were related 

in ascending order and divided into two groups 
on the basis of the median value of each variable. 
For each variable, the groups were designated 
low degree and high degree, as follows: alveolar 
septal COX-1 (low degree, < 2.35%; high degree, 
2.35%); vascular COX-1 (low degree, < 2.91%; 
high degree, 2.91%); bronchiolar COX-1 (low 
degree, < 2.88%; high degree, 2.88%); total 
COX-1 (low degree, < 2.77%; high degree, 2.77%); 
alveolar septal COX-2 (low degree, < 2.04%; high 
degree, 2.04%); vascular COX-2 (low degree, < 
2.34%; high degree, 2.34%); bronchiolar COX-2 
(low degree, < 2.34%; high degree, 2.34%); 
and total COX-2 (low degree, < 2.16%; high 
degree, 2.16%). 

Overall survival analysis was performed in 
two steps. First, we performed a univariate 
analysis relating overall follow-up to each of 
the measured variables by means of the Kaplan-
Meier method and then analyzed survival using 
the log-rank test. The variables that were found 
to be significant in the univariate analysis were 
included in the multivariate analysis based on 
the Cox proportional hazards regression model. 
A positive event was defined as any death caused 
by IPF or SSc. Deaths from causes other than 
IPF or SSc and living patients were included in 
the models as censored cases. 

All statistical procedures were performed with 
the Statistical Package for the Social Sciences, 
version 18.0 (SPSS Inc., Chicago, IL, USA). For 
all tests, the significance level was set at 5%. 

Results

Table 1 summarizes the clinical features of 
the patients with SSc (n = 24) and those of 
those with IPF (n = 30). Six of 17 SSc patients 
(35.29%) and 13 of 19 IPF patients (68.42%) 
had restrictive lung disease. Respiratory function 
test results were as follows: FVC < 80% in 18 
(75%) of the 24 SSc patients and in 19 of 22 
IPF patients (86.36%); TLC < 80% in 6 of 17 SSc 
patients (35.9%) and in 13 of 19 IPF patients 
(68.42%); DLCO < 80% in 12 of 15 SSc patients 
(80%) and in 8 of 9 IPF patients (88.88%); and 
DLCO/alveolar volume < 80% in 11 of 18 SSc 
patients (61.11%) and in 11 of 14 IPF patients 
(78.57%). A significant negative correlation was 
found between COX-2 expression in vessels and 
FVC (r= −0.28; p = 0.05), as well as between 
COX-2 expression in alveolar septa and DLCO 
(r = −0.80; p = 0.009). 
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Table 2 ‑ Morphometric results in normal lung tissue (control tissue), in lung tissue showing the usual 
interstitial pneumonia pattern (from patients with idiopathic pulmonary fibrosis), and in lung tissue showing 
the nonspecific interstitial pneumonia pattern (from patients with systemic sclerosis).a 

Variable Control IPF-UIP SSc-NSIP
COX-1

Septal 1.14 ± 0.94* 4.09 ± 1.33* 2.74 ± 0.98
Vascular 3.55 ± 1.20 2.71 ± 1.33 2.13 ± 0.90
Bronchiolar 1.70 ± 1.38 2.20 ± 0.92 1.70 ± 0.62
Total 2.20 ± 1.27 3.20 ± 0.86 2.20 ± 0.59

COX-2
Septal 1.55 ± 1.26* 2.90 ± 1.68* 1.82 ± 1.18
Vascular 2.88 ± 2.02 2.42 ± 1,25 1.80 ± 1.65
Bronchiolar 1.95 ± 1.90 2.10 ± 3.40 0.34 ± 0.38
Total 2.18 ± 1.15 2.17 ± 0.98 1.16 ± 0.66

IPF-UIP: idiopathic pulmonary fibrosis (with the usual interstitial pneumonia pattern); and SSc-NSPI: systemic sclerosis 
(with the nonspecific interstitial pneumonia pattern). aThe values presented correspond to the percentage ratio of the 
area of labeled cells in relationship to the total area covered by the grid in the eyepiece. Results obtained by one-way 
ANOVA and post hoc analysis with the Bonferroni test for multiple comparisons (control, IPF-UIP, and SSc-NSPI) and 
the Student’s t-test for between-group comparisons. The level of significance was set at 0.05. *Statistically significant 
difference between groups.
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Figure 2 ‑ Cox regression plots for risk of death risk 
versus duration of follow-up (in months) in young patients 
with low DLCO/alveolar volume, systemic sclerosis (and 
a histological pattern of cellular nonspecific interstitial 
pneumonia), high-degree total COX-1, and low-degree 
alveolar septal COX-2. The top curve represents the 
group of patients with systemic sclerosis and cellular 
nonspecific interstitial pneumonia. The bottom curve 
represents two groups of patients: those with systemic 
sclerosis and fibrotic nonspecific interstitial pneumonia; 
and those with idiopathic pulmonary fibrosis and the 
usual interstitial pneumonia pattern. 

Discussion

The limited number of therapeutic approaches 
that have any impact on long-term survival in 
patients with IPF-UIP and in those with SSc 
and fibrotic NSIP is due to the lack of definition 
regarding the mediators and mechanisms involved 
in the pathogenesis of IPF and SSc. Therefore, 
the question of interest is whether additional 
mediators can provide a better understanding 
of the pathogenesis of these diseases. The repair 
process involves two distinct stages: a regenerative, 
inflammatory phase, in which the microenvironment 
attempts to replace injured cells; and a fibrotic 
phase, in which connective tissue replaces normal 
parenchymal tissue.(24-26) In the repair process, PGE2 
production by fibroblasts is increased,(27,28) which 
constitutes further evidence of the antiproliferative, 
anti-inflammatory and antifibrotic properties 
of COX-2/PGE2.

(15) Therefore, our finding that 
immunohistochemistry staining for COX provides 
important information on the repair processes 
in pulmonary fibrosis is not surprising, and our 
results confirm that the expression of COX-2 is 
increased in IPF and SSc, with improved outcome in 
a group of patients. We found that the proportion 
of alveolar septal cells immunostained for COX-1 
and COX-2 was significantly higher in lung tissue 
showing the UIP pattern and the fibrotic NSIP 
pattern than in normal lung tissue. Increased 
COX-1 expression was expected because COX-1 is 
constitutively expressed in most cells and tissues, 
whereas COX-2 is induced by inflammatory or 

to survival. The multivariate analysis showed a 
low risk of death for young patients with low 
FEV1/FVC, fibrotic NSIP pattern, and high-degree 
alveolar septal COX-2. 
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of the abovementioned evidence and of the 
latent inflammation in patients with SSc and 
lung involvement, our results emphasize the idea 
that COX-2 does not exert its anti-inflammatory 
effect properly, because there is inflammation even 
when COX-2 expression is increased in patients 
with SSc and fibrotic NSIP. However, further 
studies are needed in order to clarify the real 
reason why the COX-2 mechanism is deficient. 
We hypothesize that this is due to an inability 
of COX-2 to stimulate the production of PGE2 or 
other anti-inflammatory mediators in opposition 
to its own proinflammatory effects or an inability 
of the cells to respond appropriately to COX-2. 

Our study has clinical and functional impact. 
We sought to establish a correlation between 
COX-2 and patient survival controlled for age, 
pulmonary function test results, the UIP pattern 
(in patients with IPF) and the NSIP pattern (in 
patients with SSc). Our multivariate analysis showed 
a low risk of death for younger patients with 
low DLCO/alveolar volume, SSc (and the NSIP 
histological pattern), high-degree total COX-2, 
and high-degree alveolar septal COX-1. 

In conclusion, the expression of COX-1 and 
COX-2 in the lung parenchyma offers us the 
potential to control repair processes involved 
in the progression of SSc-NSIP and IPF-UIP, 
suggesting that strategies aimed at preventing 
low COX-1 synthesis will have a greater impact 
on SSc, whereas those aimed at preventing high 
COX-2 synthesis will have a greater impact on 
IPF. Prospective randomized trials are required 
in order to confirm that. 
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