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Altered Cyclooxygenase-2 Expression in Pulmonary Sarcoidosis

is not Related to Clinical Classifications

Justyna Kiszalkiewicz,1 Waojciech J. Piotrowski,2 Dorota Pastuszak—Lewandoska,1 Pawel G()rski,2
Adam Antczak,3 Witold G(’)rski,2 Daria Domal'lska-Senderowska,' Monika Migdalska-S(gk,1

Karolina H. Czarnecka,1 Ewa N awrot,1 and Ewa Brzezianska-Lasota'*

Abstract—Elevated COX-2 activity is associated with the development of chronic lung diseases leading
to bronchial obstruction, including sarcoidosis. The aim of the study was to examine expression pattern
of COX-2 messenger RNA (mRNA). Expression was performed by q-PCR method in bronchoalveolar
lavage (BAL) cells and peripheral blood (PB) lymphocytes in sarcoidosis patients (2 =61) and control
group (n=30). Analysis of COX-2 mRNA expression level in BAL fluid and PB revealed downregu-
lation in sarcoidosis and control groups. In PB lymphocytes, the statistically significant difference
between patients and controls was observed (P =0.003, Mann—Whitney U test), with higher expression
in patients. There were no statistically significant differences between patients without and with
parenchymal involvement (stages I vs. [I-IV), between patients with acute vs. insidious onset of disease
and between patients with abnormal vs. normal spirometry (P> 0.05, Mann—Whitney U test). Results
suggest that expression of COX-2 mRNA in patients with pulmonary sarcoidosis is not related to clinical
classifications.
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INTRODUCTION

Sarcoidosis is recognized as a multi-systematic granu-
lomatous disease of not fully identified etiology. However, it
is accepted that many factors, including environmental, in-
flammatory, and genetic predisposition, are involved in the
pathomechanism of this diseases [1]. Sarcoidosis, diagnosed
based on clinical, radiological, and pathological evaluations,
may affect many organs, but predominately involves the
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intrathoracic lymph nodes and lungs [2]. It is documented
that activated mononuclear phagocytes can release a variety
of potent inflammatory mediators, such as interleukins which
regulate granuloma formation and the fibrotic process in the
lung during the advanced stage of the disease. Upregulation
of inflammatory response in sarcoidosis may act via prosta-
glandin E, (PGE,) with the participation of key
enzyme—cyclooxygenase (COX) [3]. Two distinct isoen-
zymes of COX, COX-1 and COX-2, are distinguished.
COX-2 expression may be stimulated by various pro-
inflammatory cytokines, growth factors (such as TGF-f3,
HGF), hormones, oncogenes [4], and COX-2 itself'is respon-
sible for production of prostaglandins, especially PGE, [5].
PGE,, a major product of lung fibroblasts, epithelial cells,
and alveolar macrophages acts as a potent inhibitor of fibro-
blast proliferation and collagen production [6—10].

Among interstitial lung diseases (ILD), involving a
wide group of diffuse lung disorders, downregulation of
COX-2 expression—associated with COX-2 gene
polymorphism—has been documented in idiopathic
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pulmonary fibrosis (IPF) [11-14] and also in sarcoidosis
[9, 15, 16]. However, it should be pointed out that clinical
significance of COX-2-altered gene expression level in the
course of IPF or sarcoidosis has not yet been conclusively
investigated. As so far, highly specific diagnostic markers
for sarcoidosis monitoring have not been found; therefore,
the search for new non-invasive markers, in particular
molecular, seems to be necessary.

In our study, we examined the level of COX-2 expres-
sion in patients with pulmonary sarcoidosis, both in bron-
choalveolar lavage fluids (BALFs) and in peripheral blood
lymphocytes (PB) in order to determine the prognostic
significance of potential gene expression changes in the
course of the disease.

MATERIALS AND METHODS

The study was approved by the Ethics Committee at
the Medical University of Lodz (RNN/141/10/KE).
Written informed consent was obtained from each patient.

Study Group

A total of 61 patients with pulmonary sarcoidosis were
recruited in the study. Patients were admitted to the
Department of Pneumology and Allergy of Norbert
Barlicki Memorial University Hospital No. 1 in Lodz,
during the years 2010-2014. The diagnosis was made
based on current standards [17, 18]. For each patient, con-
sistent clinical and radiological picture of sarcoidosis, with
the presence of non-caseating granuloma in tissue biopsy,
was confirmed. The diagnosis was documented by EBUS-
TBNA, bronchial mucosal biopsy, transbronchial peripher-
al lung biopsy, mediastinoscopy, or extrathoracic biopsy
(skin, peripheral lymph nodes). Only in patients with bilat-
eral hilar lymph nodes enlargement, acute symptoms of
Lofgren syndrome, and typical bronchoalveolar lavage
(BAL) results (increased percentage of lymphocytes with
CD4/CD8>3.5) were not obligatory to the biopsy. Based
on chest X-ray results, patients were divided into the fol-
lowing radiological subgroups: stage I (hilar lymph node
enlargements without signs of parenchymal involvement),
stage II (signs of parenchymal involvement in addition to
hilar lymph node enlargements), stage III (parenchymal
involvement without visible hilar lymph node enlarge-
ments), and stage IV (signs of irreversible extensive lung
fibrosis). The independent comparison between patients
with acute onset (Lofgren syndrome with arthritis, erythema
nodosum, and elevated body temperature—with at least

two symptoms present) and patients with insidious onset
was done. Clinical and biological characteristics of the
study group are presented Table 1.

Control group consisted of 30 non-smokers referred
for bronchoscopy due to chronic cough or undefined
changes on chest X-ray. After thorough examination, these
patients were finally diagnosed either with idiopathic
cough, or as healthy—when radiological signs were de-
fined as clinically insignificant changes or artifacts.

Collection of Biological Material

Bronchoscopy was performed with a flexible
bronchoscope (Pentax, Tokyo, Japan), according to
the Polish Respiratory Society Guidelines [19]. BALF
was collected from medial lobe, by instillation and
subsequent withdrawal of 4 x50 ml of 0.9 % NaCl.
The fluid recovery was 52.1+1.2 %. The crude BALF
was filtered through a gazue, to clear the thick mucus
and other contaminants, next centrifuged, and the pel-
let was suspended in a phosphate buffer. The
total number of non-epithelial cells (total cell
count—TCC) was presented as nx106. Cytospin
slides were prepared and stained by May-Griinwald-
Giemsa stain. The number of macrophages, lympho-
cytes, neutrophils, and eosinophils was calculated un-
der a light microscope and presented as percent of
TCC. After the calculations, the fluid was centrifuged
(10 min, 1200 rpm); supernatant of BALF was
suspended in RNAlater RNA Stabilization Reagent
(QIAGEN, Hilden, Germany) in a volume of about
350 pl of solution in eppendorf tubes, marked with
an identification number, and frozen (—80 °C) until
further RNA isolation procedures. Spirometry was per-
formed according to the Polish Respiratory Society
Guidelines (Polish Society of Respiratory Diseases,
2006) with a computer-based spirometer (Jaeger,
Dortmund, Germany). Blood was collected into 5 ml
EDTA containing tubes. For lymphocyte separation, a
density gradient cell separation medium Histopaque
was used.

Gene Expression Analysis

RNA isolation was performed using the mirVana™
miRNA Isolation Kit (Life Technologies, Carlsbad, CA,
USA), according to the manufacturer’s protocol. The qual-
ity and quantity of isolated RNA was spectrophotometri-
cally assessed (Eppendorf BioPhotometrTM Plus,
Eppendorf, Hamburg, Germany). The purity of total
RNA (ratio of 16S to 18S fraction) was determined in the
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Table 1. Clinical and Biological Characteristics of the Study Patients

Stage I (n=29)

Stages II-IV (n=32)

Acute onset (n=27) Insidious onset (n=34)

Gender

Female 19 15

Male 10 17
Age 39.17+10.97 4240+ 11.64
FEV, (% pred.) 97.75+13.76 91.71+17.24
FVC (% pred.) 105.50 £14.22 100.71+16.49
FEV,/FVC 0.78 +0.05 0.75+0.07
DLCOc - 92.82+14.02
(% pred.)
BAL-L% 30.18+19.27 31.12+17.07
BALF CD4/CD8" 6.36+4.13 4.19+3.54
Ca®"S (mmol/l) 245+0.10 2.42+0.22
Ca2 +U (mmol/24 h) 449+237 4414251

16 18

11 16
35.76+9.21 44.58+11.99
104.37+8.89 87.50+£16.14
112.00+9.86 96.43+£15.75
0.78 +0.04 0.75+0.07

- 93.54+13.82
3422+16.94 28.04+18.63
7.80+4.08 3.44+2.64
2.40+0.21 2.46+0.14
4.17+245 4.59+2.45

Sarcoidosis patients were grouped according to the absence/presence of lung parenchymal changes on chest X-ray (stage I vs. stage II-IV) and clinical

phenotype (acute vs. insidious onset)

FEV, forced expiratory volume in the first second, F'V'C forced vital capacity, DLCOc lung diftusion for carbon monoxide corrected for hemoglobin, BAL-L%

broncholaveolar lavage percent of lymphocytes

automated electrophoresis using the RNA Nano Chips
LabChipplates in Agilent 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA).

Complementary DNA (cDNA) was transcribed
from 100 ng of total RNA, using a High-Capacity
cDNA Reverse Transcription Kit (Applied
Biosystems, Carlsbad, CA, USA) in a total volume of
20 ul, according to manufacturer’s protocol. The rela-
tive expression analysis was performed in 7900HT Fast
Real-Time PCR System (Applied Biosystems,
Carlsbad, CA, USA) using TagMan probes for the
genes COX-2 (Hs00153133 ml) and ACTB
(Hs99999903 m1) used as an endogenous control.
The PCR mixture contained cDNA (1 to 100 ng),
20x TagManR Gene Expression Assay, 2x KAPA
PROBE Master Mix (2x) ABI Prism Kit (Kapa
Biosystems, Wilmington, MA, USA), and RNase-free
water in a total volume of 20 pl. The expression levels
(RQ values) of the studied gene were calculated using
the delta delta CT method, with the adjustment to the
[3-actin expression level and in relation to the expres-
sion level of calibrator (Human Lung Total RNA
Ambion®), for which RQ value was equal to 1.

Statistical Analysis

The Kruskal-Wallis test, Mann—Whitney test,
Neuman—Keuls multiple comparison test, and
Spearman rank correlation were used to assess the
correlation between gene relative expression levels
and sarcoidosis groups classified on the basis of chest

X-ray results (stage I vs. 1I-1V), disease phenotype
(acute vs. insidious onset), spirometric parameters,
DLCOc, serum Ca2+concentration, Ca2+ in 24 h
urine collection, percentage of lymphocytes in BAL,
phenotype of immune cells (CD4+/CD8+), age, and
sex of patients. The P<0.05 value was considered
statistically significant.

RESULTS

Relative Expression Levels of the COX-2 mRNA in
Sarcoidosis Patients Vs. Control Group

The relative expression levels of COX-2 in the studied
groups (sarcoidosis patients and controls in relation to
different biological material and disease classifications)
were calculated based on delta delta CT method.

BALF Cells

In both studied groups, the expression of COX-2
messenger RNA (mRNA) was decreased (RQ <1). The
expression level of COX-2 mRNA was lower in patients vs.
controls, however without statistical significance (P>0.05,
Mann—Whitney U test) (data not shown).

PB Lymphocytes

In both studied groups, COX-2 mRNA expression
was decreased (RQ <1). Statistically significant difference
between patients and controls was observed (P=0.003,
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Mann—Whitney U test), with higher COX-2 mRNA ex-
pression level in sarcoidosis patients, see Fig. 1.
Reassuming analysis of COX-2 mRNA expression
level in BALF and PB revealed downregulation of COX-
2 in all studied groups. In sarcoidosis patients, the expres-
sion level of the study gene was lower in BALF and higher
in PB compared to control group, as presented in Fig. 2.

Relative Expression Levels of COX-2 mRNA in
Sarcoidosis Patients Classified According to Clinical
and Radiological Assessment

BALF Cells

The results obtained in sarcoidosis patients are pre-
sented in Table 2.There were no statistically significant
differences between patients without and with parenchy-
mal involvement (stages I vs. II-IV), between patients with
acute vs. insidious onset of disease and between patients
with abnormal vs. normal spirometry (P>0.05, Mann—
Whitney U test).

PB Lymphocytes

The results obtained in sarcoidosis patients are pre-
sented in Table 2. There were no statistically significant
differences between patients without and with parenchy-
mal involvement (stages I vs. II-IV), between patients with
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acute vs. insidious onset of disease and between patients
with abnormal vs. normal spirometry (P>0.05, Mann—
Whitney U test).

As it can be seen, downregulation of COX-2 in patient
group was much more pronounced in BALF cells than in
PB lymphocytes, and the difference was statistically sig-
nificant (P=0.0002, Mann—Whitney U test), as presented
on Fig. 3.

Additionally, in BALF cells, several statistically sig-
nificant correlations (Spearman’s rank correlation.) be-
tween gene expression levels and lung function test param-
eters, as well as selected laboratory markers in sarcoidosis
patients were found (see Table 3). No similar correlations
were found in patients’ PB lymphocytes (P> 0.05, Mann—
Whitney U test).

DISCUSION

It has been well established that important inflamma-
tory mediators, prostaglandins (PGE,), and COXs (espe-
cially COX-2) are implicated in the pathogenesis of several
interstitial lung diseases (ILD) including sarcoidosis [9,
20-24]. In bronchiolar epithelial cells and macrophages,
endogenous COX-2 and PGE, are important regulators of
inflammatory responses in the lung. It has been confirmed
that immoderate COX-2 activity is associated with the

Sarcoidosis Patients

Control Group

Fig. 1. Box-and-whisker plots, presenting COX-2 RQ values in peripheral blood lymphocytes of patients and controls.
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Fig. 2. Analysis of COX-2 expression in BALF cells/PB lymphocytes in patients and control group.

development of chronic obstructive lung diseases, airway
reactivity, and bronchial inflammation, while restricted
activation of COX-2 protein following pro-inflammatory
stimulation promotes lung fibrosis [9, 22, 23]. This biolog-
ical role of COX-2 in pathology of the lung was confirmed
also in vitro in cultured lung fibrosis isolated from idio-
pathic pulmonary fibrosis (IPF) patients [20] and in exper-
imental models of asthma in rodent [21].

To the best of our knowledge, only two studies
have reported COX-2 expression in sarcoidosis pa-
tients so far, however, on different biological material:
lung tissue biopsies (nine) and BALF [24], and only
one of them analyzed COX-2 on a mRNA level [24].
Petkova et al. [9] assessed immunoexpression of COX-
2 and showed its significant reduction in bronchiolar
epithelial cells and in alveolar macrophages. The

Table. 2. The Mean RQ Values of COX-2 mRNA Expression in BALF
Cells and PB Lymphocytes in Particular Groups Classified According to
Clinical and Radiological Classification. (P>0.05, Mann—Whitney U

Test)

BALF cells PB lymphocytes
Stage I 0.251 0.738
Stage [I-IV 0.159 1.20
Acute onset 0.241 0.640
Insidious onset 0.174 1.278
Normal spirometry 0.195 1.066
Abnormal spirometry 0.153 0.554

results of our study, focused on mRNA COX-2 expres-
sion level in sarcoidosis patients, confirmed downreg-
ulation of COX-2 on transcription level. We conclude
that reduced COX-2 mRNA levels may be associated
with defect in PGE biosynthesis in the lung and also
with increasing fibroblast activity and collagen deposi-
tion during sarcoidosis development. Similar effect
was observed in IPF [9, 20]. Lack of statistically sig-
nificant differences in COX-2 mRNA expression in
BALF between our patients and controls may be relat-
ed to small number of patients with advanced (III-IV)
stage of the disease, where the lung fibrosis takes
place. The dominance of early stage of sarcoidosis
patients in our study group could result in limited
reduction of COX-2 expression, covered by the pres-
ence of persistent inflammatory response (chronic lym-
phocytosis). This effect was demonstrated on
bleomycin model of mice lung fibrosis [25, 26]. We
suppose that decreased expression of COX-2 observed
by us is associated primarily with inflammatory induc-
tion and EMT (epithelial-mesenchymal transition) in
the lung and may precede the upregulation of COX-2
expression in the later stages of the disease, which
protects against fibrosis [14]. Unfortunately, in our
study, we did not document statistically significant
differences in the decreasing expression of COX-2 in
various clinical stages of sarcoidosis (II-IV vs. I),
although we observed higher gene expression in
radiological stage I vs II-IV and higher in acute
form of sarcoidosis. However, we observed negative



Pulmonary Sarcoidosis Is Not Related to Clinical Classifications 1307

8r  cox2
o median
[Jinterquartille range
T medianvs. SD

1.6

1.4

1.2

1.0

0.8

RQ value

0.6

0.4

0.2

0.0 e

-0.2

BALF cells

PB lymphocytes

Fig. 3. Box-and-whisker plots, presenting COX-2 RQ values in BALF cells and peripheral blood lymphocytes of patients (P =0.00022; Mann—

Whitney test).

correlation in BALF between COX-2 expression and
BALF% and 24 h Ca®" loss with urine as well as with
forced expiratory volume in the first second (FEV)),
which were considered as factors with negative
prognostic value in sarcoidosis. Our results give hope
for further studies focused on COX-2 mRNA level in
BALF, searching for prognostic markers of sarcoidosis
progression and fibrosis.

Our results appear to be inconsistent with the
observations of Chistophi ef al. [24], who examined
COX-2 expression on mRNA level in lung tissue biop-
sies and observed its significant upregulation in sarcoid
granulomas. Surprisingly, so different results could be
expected. During sarcoid formation, the accumulation
of activated monocytes and alveolar macrophages as a
source of secretion of COX-2 takes place. Also,

granulomatous and bronchial epithelium inflammation
influences COX-2 upregulation via accumulation of
recruited monocytes and macrophages on the border
of sarcoid granuloma [27, 28]. Therefore, higher ex-
pression level of COX-2 in lung sarcoid biopsy as
compared to BALF may be expected.

In our study, we evaluated COX-2 mRNA expres-
sion also in PB lymphocytes of sarcoidosis patients to
compare it with BALF and to answer the question wheth-
er the expression of COX-2 gene in the blood of patients
can be a specific marker for sarcoidosis. There are no
other published studies regarding this aspect, although
sarcoidosis is known as a systemic disease marked by
the upregulation of inflammatory factors in serum that are
secreted from peripheral leukocytes [29]. Microarray
analysis from peripheral blood leukocytes of sarcoidosis

Table 3. Negative Correlations (Spearman’s Rank Correlation) Found Between COX-2 Expression Levels and Lung Function Tests Parameters, and
Selected Laboratory Markers in Sarcoidosis Patients

BALF cells Parameter Group/subgroup Rho value P value
Ca¥'u Insidious onset —0.640 0.0031
BALFL% Total study group —0.260 0.0463
BALFL% No parenchymal involvement —0.396 0.0333
BALFL% Acute onset —0.530 0.0063

FEV, Abnormal spirometry —0.793 0.0061
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patients revealed a unique gene expression signature in-
volving genes implicated in T cell differentiation and
activation and cytokine signaling [29]. Interestingly, in
our study, we found significantly higher COX-2 expres-
sion in PB lymphocytes in patients as compared to con-
trols. We considered that this effect may be linked to
systemic inflammatory process developing in sarcoidosis
patients, where COX-2 is activated by pro-inflammatory
cytokines derived from monocytes and lymphocytes as a
T cell-mediated disease. Many published results suggest
that the improved biosynthesis of COX-2 which takes
place in both acutely and chronically inflamed tissues
results from selective, local upregulation of COX-2 bio-
synthesis in PB, mainly in monocytes and activated T cell
lymphocytes [30, 31]. Moreover, endogenous PGE, may
influence the balance of COX-2 expression in cells as a
main autocrine regulator of inflammatory and immuno-
logical events, which was confirmed in vitro [32, 33].
Significantly increased expression level of COX-2 in PB
of sarcoidosis patients is also associated with uncon-
trolled inflammatory responses in the course of disease,
where immunoregulatory processes might be reduced and
the activity of T-reg lymphocytes might be disturbed.
Sarcoidosis is therefore associated with a global T-reg
cell subset amplification whose activity would be insuf-
ficient to control local inflammation. At the same time,
peripheral T-reg cells exert powerful antiproliferative ac-
tivity that may account for the state of anergy. Decreased
T-reg activity in blood of sarcoidosis patients was docu-
mented [34], while COX-2 was recognized as a poten-
tially inhibiting factor of T-reg cells [35].

Reassuming, it is possible that COX-2 mRNA expres-
sion levels are interesting in the aspect of searching for new
prognostic factors in sarcoidosis, but it does not fully
reflect the functionality of this enzyme in cells due to the
possible differences in mRNA stability on translational
level, and the influence of different regulatory factors
involved in immunological response.
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