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ABSTRACT

Background: Profibrotic properties of pleural mesothelial cells may play an important role in
the fibrosis activity in idiopathic pulmonary fibrosis (IPF). The purpose of this study was to
compare the expression of pleural mesothelial cell markers in IPF and cryptogenic organizing
pneumonia (COP), with an assumption that increased expression implies increase in fibrosis.
Methods: Twenty IPF lung samples were stained by immunohistochemistry for the pleural
mesothelial cell markers: leucine rich repeat neuronal 4 (LRRN4), uroplakin 3B, CC-
chemokine ligand 18, and laminin-5. Nine COP lung samples were used as controls. A semi-
quantitative analysis was performed to compare markers expression in IPF and COP.

Results: LRRN4 expression was found in epithelial lining cells along the honeycombing and
fibroblastic foci in IPF, but not in the fibrotic interstitial lesion and airspace filling fibrous
tufts in COP. We found a significant decrease in baseline forced vital capacity when LRRN4
expression was increased in honeycombing epithelial cells and fibroblastic foci.

Conclusion: LRRN4 expression patterns in IPF are distinct from those in COP. Our findings
suggest that mesothelial cell profibrotic property may be an important player in IPF
pathogenesis and may be a clue in the irreversibility of fibrosis in IPF.

Keywords: Pleural Mesothelial Cell; LRRN4; Uroplakin 3B; CCL18;
Idiopathic Pulmonary Fibrosis

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a progressive chronic disease characterized by
excessive fibrotic scarring of the lungs leading to irreversible decline in lung function.!

IPF pathogenesis is characterized by the progressive fibrotic change in the lung parenchyma.2
The process is thought to begin at subpleural area and progresses gradually into the lung
parenchymal region.3 Considering the anatomical location, it would be a reasonable
assumption that the visceral or parietal pleura plays an important role in the progression of
lung fibrosis. However, the pathogenesis associated with fibrotic progression of the IPF has
not been well studied.4
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Alveolar injury in IPF promotes migration, activation, and proliferation of fibroblasts and
myofibroblasts which produce collagen in the active regions of fibrotic change, also known
as the fibroblastic foci.> Fibroblastic foci are a characteristic histopathological feature of IPF/
usual interstitial pneumonia (UIP).6¢ Honeycomb formation in IPF could be a result of airway
remodelling after interstitial fibrotic scarring.> The end result of these processes is a complex
reticulum that is highly interconnected and extends from pleura into the underlying lung
parenchyma.3

Cryptogenic organizing pneumonia (COP) is believed to be a consequence of alveolar injury and
is characterized by the formation of organized fibrous tufts of granulation tissue obstructing
the alveolar spaces and bronchioles.” In contrast to IPF, these fibrotic lesions can be reversible.8

To date, studies evaluating pleural mesothelial cell properties in samples obtained from IPF
or COP patients are rare.3

We presumed that pleural mesothelial cells play an important role in fibrosis activity? and
we aimed to determine whether pleural mesothelial cell markers expression reflects their
profibrotic properties in IPF compared with COP.

METHODS

Patient selection

The inclusion period of this study was from August 1, 2002, to December 31, 2011, and the
study was conducted at the Department of Internal Medicine, Keimyung University Dongsan
Hospital, in Daegu, South Korea.

The patients underwent video thoracoscopic or open thoracic lung biopsy. The biopsy
was mainly performed on the lung parenchymal tissue including subpleural lesions on
the affected sides. As for the biopsy site, the area suspected of having an active lesion was
selected on chest computed tomography (CT).

We used open lung biopsy or video-assisted thoracoscopic to evaluate interstitial lung
disease (ILD). Forty-eight patients with ILD were enrolled in this study. Among them, 11
cases of connective tissue disease, 4 cases of nonspecific interstitial pneumonia, 2 cases
of hypersensitivity pneumonitis, 1 case of desquamative interstitial pneumonia, 1 case

of lymphocytic interstitial pneumonitis were excluded from the study. In the study were
included 20 cases of IPF and 9 cases of COP of unknown etiology diagnosed based on
pathologic and clinical features. There was no patient with a significant level of antinuclear
antibody or rheumatoid factor titer in COP.

A biopsy was performed on patients who needed to be differentiated from COP on chest
CT, before starting systemic corticosteroids in patients with COP. After the biopsy, oral
prednisone 0.5 mg/kg was prescribed to 9 COP patients. Antifibrotic agents was not
prescribed both IPF and COP.

Forced vital capacity (FVC) and diffusing capacity of the lungs for carbon monoxide (DLCO)

were measured before lung biopsy as a baseline. A second lung function test was performed
after an average of 3.7 months in patients with COP and 4.9 months in patients with IPF.
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Lung immunohistochemistry

Paraffin sections were cut to 5 pm of thickness, mounted on silane-coated glass slides, and
stored for 1 hours at 60°C. The slides were deparaffinized thrice with xylene for 5 minutes each,
and rehydrated with graded alcohols (100%, 95%, 70%, and 50%) for 5 minutes, respectively.
After washing with 0.01 M phosphate-buffered saline (PBS) for 5 min, the sections were
digested with proteinase K (20 pg/mL) at room temperature for 20 minutes, and then washed
twice with distilled water for 2 minutes each time. Endogenous peroxidase activity was
blocked with 3% hydrogen peroxide (H,0O,) in PBS for 5 minutes, and the slides were rinsed
twice with PBS for 5 minutes. Sections for the positive control was treated with 3% H,0, and
then washed twice with PBS. For negative controls, the sections were covered with reaction
buffer only and incubated under the same conditions. Sections were then incubated for 1.5
hours with monoclonal antibodies against leucine rich repeat neuronal 4 (LRRN4), uroplakin
3B (UPK3B), CC-chemokine ligand 18 (CCL18), and laminin-5 and after washing incubated
again with biotinylated secondary antibodies. The antibody reactions were visualized using
diaminobenzidine as chromogen (DAKO, Carpinteria, CA, USA). For microscopic observation,
the sections were lightly counterstained with hematoxylin for 1 minute.

Semi-quantitative analysis of immunohistochemistry

Immunohistochemical (IHC) staining was performed using pleural mesothelial cell markers,
LRRN4 (Sigma-Aldrich, St. Louis, MO, USA) in 1:25 dilution and mesothelial cell localization,10
UPK3B (Novus, Centennial, CO, USA) in 1:500 dilution and mesothelial cell localization,10 also
markers known to be associated with IPF pathogenesis, CCL18 (Sigma-Aldrich) in 1:25 dilution
and role in induction of collagen synthesis by fibroblasts!! and laminin-5 (Abcam, Cambridge,
UK) in 1:500 dilution and role in regenerating epithelial cells.12

Sections were reviewed by the lead investigator alongside an independent pathologist and
scored by examining the expression of the IHC markers at sites of smooth muscle bundles,
macrophages, alveolar lining cells, endothelial cells, fibroblastic foci, alveolar lining cells,
bronchioles, honeycombing, bronchiolar metaplasia and fibrotic lesion in COP. A total of 100
pleural mesothelial cells were counted and the number of cells expressing each marker were
recorded in each area. Semi-quantitative analysis was used to compare the groups using a
modified Allred scoring system.13

The staining score O indicated positively stained cells at 0%, a staining score of 1, indicated
positively stained cells to be < 25%, a staining score of 2, indicated positively stained cells to
be in the range of > 25% to < 50%, and a staining score of 3, indicated positively stained cells
to be > 50%.

Statistical analysis

The Mann Whitney U test was used to compare markers expression between IPF and COP
samples. The results are presented as the mean + standard deviation (SD) score for each
marker. Staining group values were expressed as means * SD. Analysis of variance FVC %
predicted value and for comparison of the different groups was used with significance set

at P < 0.05. A significant analysis of variance was followed by a Scheffe test for multiple
comparisons between groups, again with a P < 0.05. A paired #test was used to compare the
baseline and follow-up FVC and DLCO. Differences were considered significant if the Pvalue
was < 0.05. Statistical analyses were performed using IBM SPSS Statistics for Windows (IBM
SPSS version 21.0.; IBM Corp., Armonk, NY, USA).
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Ethics statement

The current study was approved by the Institutional Review Board (IRB) of Keimyung
University, Dongsan Hospital (2010-02-004). The IRB waived the requirement for informed
consent due to retrospective nature. All methods were performed in accordance with the
relevant guidelines and regulations.

RESULTS

Characteristics at baseline

The average age of the IPF and COP patients was 65 years, and in the case of IPF, the
patients were predominantly male. The mean FVC values at baseline were similar between
IPF and COP groups (Table 1). The biopsy specimens contained pleura and sufficient lung
parenchyma evaluating broncho-vascular bundle in both diseases (Fig. 1).

IHC stain

LRRN4 expression

In IPF group, significantly higher expression was observed in the epithelial cells covering
fibroblastic foci, honeycomb and some endothelial cells compared to COP group. In COP
group, expression was negative or weak in the epithelial cells surrounding the fibrous tufts
(Table 2, Fig. 2). The positive expression of LRRN4 in the mesothelial lining cells, was a clear
indication that this protein is a mesothelial cell marker. LRRN4 seems to reflect an active
fibrotic process, and its intense expression enhances the number of fibroblastic foci (Table 2).

IPF

Ccop

Fig. 1. Comparison of microscopic findings of representative IPF and COP. (A, B) IPF: Patchy fibrosis and preserved
alveolar structures are seen in the lung parenchyma (A). In enlarged view, irregular fibrotic thickening was
observed, and fibroblastic foci (arrows) could be observed (B). (C, D) COP: Fibrous tufts (arrows) filling the
alveolar cavity can be observed diffusely.

IPF = idiopathic pulmonary fibrosis, COP = cryptogenic organizing pneumonia.

https://jkms.org https://doi.org/10.3346/jkms.2023.38.€242 4/10



JKMS

Pleural Mesothelial Cells and Pulmonary Fibrosis

Table 1. Baseline patient characteristics (N = 29)

Characteristics IPF (n = 20) COP (n=9)
Male 16 (80) 5 (55.5)
Age, yr 65.0+ 6.8 65.7+7.1
Smoking history 13 (65.0) 3(33.3)
FVC, mL 2,773 + 980 2,804 + 1,027
FVC, % of predicted 78.4 +19.2 77.7 = 20.6
DLCO, mmol/min/kPa 12.2+ 5.6 11.9+ 5.4
DLCO, % of predicted 66.2 + 24.6 65.5+22.8

Data are presented as number (%) or mean expression score + standard deviation.
IPF = idiopathic pulmonary fibrosis, COP = cryptogenic organizing pneumonia, FVC = forced vital capacity, DLCO =
diffusing capacity of the lungs for carbon monoxide.

Table 2. Semi-quantitative analysis of targeted marker expression IPF and COP

PMC markers Honeycombing in IPF or epithelial cells Fibroblastic foci in IPF or
surrounding fibrous tufts in COP fibrotic area in COP
IPF cop P value IPF cop Pvalue
LRRN4 2.41 +0.59 0.33+0.50 <0.001 2.30+0.73 0.55+0.52 <0.001
UPK3B 1.00 = 0.72 0.55+ 0.66 0.111 0.45+0.51 0.77 + 0.66 0.157
CCL18 1.75+ 1.07 0.77 £ 0.97 0.027 0.35+0.87 0.0+ 0.0 0.245
Laminin-5 1.35+0.58 1.77 £ 0.83 0.123 0.85+0.48 1.66 = 0.86 <0.003

Data are presented as mean expression score + standard deviation.
IPF = idiopathic pulmonary fibrosis, COP = cryptogenic organizing pneumonia, PMC = pleural mesothelial cell,
LRRN4 = leucine rich repeat neuronal 4, UPK3B = uroplakin 3b, CCL18 = CC-chemokine ligand 18.

UPK3B expression

In IPF, UPK3B showed mild expression in the epithelial cells covering honeycombing and
positive expression in the pleural mesothelial cells. In COP, weak expression was observed
in fibrotic areas (Fig. 2). We did not observe any significant difference in UPK3B expression
between the IPF and COP groups (Table 2).

LRRN4

Fig. 2. Comparison of immunohistochemical staining results for LRRN 4, UPK3B, CCL18, and laminin-5 in between
IPF and COP samples. LRRN4: In IPF, positive expression in the epithelial cells along the honeycombing (A)

and cells covering the fibroblastic foci (B, arrow). In COP, no expression in the epithelial cells surrounding
fibrous tufts (C). UPK3B: In IPF, mild expression in the epithelial cells covering honeycombings (D) and positive
expression in the pleural mesothelial cells (E, arrows). In COP, weak expression in the fibrous tufts (F). CCL18: In
IPF, positive expression in the smooth muscle bundles (G, arrows), positive expression in the alveolar epithelial
cells (arrow), and alveolar macrophages (arrow heads) in fibrotic lesion (H). In COP, no expression in the fibrotic
area (I). Laminin-5: In IPF, focal expression in honeycombing (J, arrows) and in the epithelial cells covering
fibroblastic foci (K, arrows). In COP, diffuse expression in the epithelial cells surrounding the fibrous tufts (L).
LRRN4 and UPK3B were clearly stained in the visceral pleura both IPF and COP samples. All markers were no or
scanty staining in normal epithelium. Original magnification: A-C and F-L (x100); D and E (x40).

LRRN4 = leucine rich repeat neuronal 4, UPK3B = uroplakin 3B, CCL18 = CC-chemokine ligand 18, IPF = idiopathic
pulmonary fibrosis, COP = cryptogenic organizing pneumonia. (continued to the next page)
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Uroplakin3

CCL18

Laminin5

Fig. 2. (Continued) Comparison of immunohistochemical staining results for LRRN 4, UPK3B, CCL18, and laminin-5
in between IPF and COP samples. LRRN4: In IPF, positive expression in the epithelial cells along the honeycombing
(A) and cells covering the fibroblastic foci (B, arrow). In COP, no expression in the epithelial cells surrounding
fibrous tufts (C). UPK3B: In IPF, mild expression in the epithelial cells covering honeycombings (D) and positive
expression in the pleural mesothelial cells (E, arrows). In COP, weak expression in the fibrous tufts (F). CCL18: In
IPF, positive expression in the smooth muscle bundles (G, arrows), positive expression in the alveolar epithelial
cells (arrow), and alveolar macrophages (arrow heads) in fibrotic lesion (H). In COP, no expression in the fibrotic
area (I). Laminin-5: In IPF, focal expression in honeycombing (J, arrows) and in the epithelial cells covering
fibroblastic foci (K, arrows). In COP, diffuse expression in the epithelial cells surrounding the fibrous tufts (L).
LRRN4 and UPK3B were clearly stained in the visceral pleura both IPF and COP samples. All markers were no or
scanty staining in normal epithelium. Original magnification: A-C and F-L (x100); D and E (x40).

LRRN4 = leucine rich repeat neuronal 4, UPK3B = uroplakin 3B, CCL18 = CC-chemokine ligand 18, IPF = idiopathic
pulmonary fibrosis, COP = cryptogenic organizing pneumonia.
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CCL18 expression

In IPF, CCL18 was expressed in the bronchiolar metaplasia, fibroblastic foci, epithelial cells
along the honeycombing, but CCL18 expression was absent in the fibrotic area of the COP
(Table 2). In both IPF and COP, the fibrotic scarring was frequently associated with the
smooth muscle proliferation and higher CCL18 expression (Fig. 2).

Laminin-5 expression

In IPF, laminin-5 was expressed in the epithelial cells covering fibroblastic foci, and we
observed focal and weak staining in honeycombing. Fibrotic scar lesion was not stained, but
bronchiolar epithelial cells were positively stained, and re-epithelialized alveolar cells were
weakly or focally stained. In COP, laminin-5 was expressed in the epithelial cells surrounding
the fibrous tufts (Fig. 2). There was no significant difference in laminin-5 expression between
the COP and IPF samples (Table 2).

FVC and DLCO in IPF and COP

Nine COP patients were treated with 0.5 mg/kg prednisolone for 1-3 months and showed
improvement in percent predicted FVC (88.4 £18.7, P< 0.01) and DLCO (72.8 £ 21.1, P<
0.01). There was no case of lung function decline after corticosteroid therapy in patients with
COP. In IPF, there was no significant change in percent predicted FVC (77.8 +19.5) and DLCO
(63.4 £ 23.3) values between baseline and follow-up.

High-intensity staining (staining score 3 group) of LRRN4 in epithelial cells along the
honeycombing showed significantly low FVC % predicted compared with weak staining in
staining scores 1 and 2 groups (Fig. 3A). LRRN4 staining in fibrotic foci showed group 3 (staining
score 3) had a significantly lower FVC % predicted value than group 1 (staining score 1) (Fig. 3B).

120 ~
100 ~
80
60

40 -

FVC % predicted

20

2

3 1 2 3

Staining score group Staining score group

Fig. 3. Staining score group and FVC % predicted. (A) The staining score of LRRN4 in the epithelial cells along the honeycombing and FVC % predicted. Twenty
patients with idiopathic pulmonary fibrosis were divided into 3 groups based on LRRN4 staining score in the epithelium. Staining scores 1, 2, and 3 represent 3,
6, and 11 patients, respectively. (B) The staining score of LRRN4 in fibrotic foci and FVC % predicted. Twenty patients with idiopathic pulmonary fibrosis were
divided into 3 groups based on LRRN4 staining score in the fibrotic foci. Staining scores 1, 2, and 3 represent 4, 6, and 10 patients, respectively.

FVC = forced vital capacity, LRRN4 = leucine rich repeat neuronal 4.

There was a significant difference between LRRN4 staining group 1and group 2: 2P = 0.016 vs. group 3, °P = 0.035 vs. group 3. There was a significant difference
between LRRN4 staining group 1vs. group 3 °P = 0.026.
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DISCUSSION

In this study, we found that LRRN4, which is considered a pleural mesothelial cell marker,

is expressed in epithelial cells along the honeycombing and fibroblastic foci, which are the
most important areas in IPF pathogenesis. On the other hand, LRRN4 was not expressed in
COP. We suggest that pleural mesothelial cell properties may be key players in fibrosis activity
in IPF. Higher expression of LRRN4 may be associated with a decline in FVC. This gives us

a clue that LRRN4 might be a predictive factor for the severity of fibrosis, but it needs to be
further studied.

The reason for comparing the differences in the mesothelial cell markers expression in IPF
and COP is that, among the idiopathic interstitial pneumonias, IPF and COP would have
different pathogenesis considering COP could be reversible.

A balance between epithelium and mesenchymal cells is essential to maintain homeostasis
in adult tissues.14 Mesenchymal cells differentiate into various cells such as bronchial smooth
muscle cells, vascular smooth muscle cells, and fibroblasts which can promote mesothelial-
mesenchymal transition of pleural mesothelial cell and play a central role in repairing
airways, alveoli, and blood vessels.15> We suggest that expression of pleural mesothelial cell
markers are crucial mediators of fibrosis.

In IPF, IHC result showed positive expression of LRRN4 in the epithelial cells along the
honeycombing, fibroblastic foci and some endothelial cell. In COP, it showed weak expression
in epithelial cells surrounding fibrous tufts (Table 2, Fig. 2). Higher LRRN4 expression reflects
reduced lung volume and increased fibrotic activity in IPF. A follow up pulmonary function
test showed that FVC was reversible in COP, but not in IPF. LRRN4 positive expression in IPF,
and negative expression in COP, may indicate its role in IPF pathogenesis. Further studies are
needed to provide more evidence regarding the profibrotic properties of pleural mesothelial
cell and the relationship between LRRN4 and fibrotic activity.

We observed UPK3B expression in the epithelial cells covering honeycombing, in pleural
mesothelial cells and weak expression in fibrotic areas in COP. However, there was no
significant difference in UPK3B expression was detected between IPF and COP groups.

In the case of CCL18, there are reports showing its relationship to lung fibrosis and the
prognosis of IPF.1618 Few studies have been on the morphological expression of CCL18 in IPF.
In this study, CCL18 expression in alveolar macrophages, epithelial cells, and smooth muscle
bundles suggests that CCL18 activity is not limited to the epithelium, but it is also expressed
in the interstitium as it was stated in other studies.19,20 This suggests that CCL18 may also
play a role in IPF pathogenesis.16

Thus, it can be inferred that the involvement of pleural mesothelial cells plays a key role in the
irreversibility of lung fibrosis.2!

On thin-section high-resolution CT, predilection site for IPF is subpleural area, in contrast to
COP, which involves the intraalveolar area especially along the bronchovascular bundles.22,23
In our study LRRN4 was expressed in structures close to the visceral pleural in IPF but not

in COP group. Although we did not study LRRN4 expression during follow-up, LRRN4 was
found to be negatively correlated with lung volume in IPF patients at baseline. Fibrosis in IPF

https://doi.org/10.3346/jkms.2023.38.€242 8/10
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is tightly connected with the pleura.3 Therefore, we suggest that fibrotic activity closer to the
visceral pleura may be more irreversible.3

Pleural Mesothelial Cells and Pulmonary Fibrosis

There are several limitations to this study. First, as mesothelial cell markers, mesothelin,
cytokeratin 5/6, WT1 and calretinin are also available, but in this study, the association
between these markers and fibrosis did not evaluate. Second, a comparison to normal lung
tissues would be required to appropriately understand the general unperturbed localization
of mesothelial cells compared to these diseases’ tissues. Third, this study is a descriptive
study and has limitations in proving the causal relationship between PMC and fibrosis.
Fourth, COP may cause progressive fibrosis. However, COP can manifest as acute fibrotic
organizing pneumonia (AFOP) and lead to progressive fibrosis. We did not include AFOP for
these COP subgroups in our study.

In conclusion, LRRN4 expression patterns in IPF are distinct from those in COP. Our findings
suggest that pleural mesothelial cells profibrotic property may be an important player in IPF
pathogenesis and could be a clue in the irreversibility of fibrosis in IPF. CCL-18 expression in
human tissue samples provides new insights into IPF pathogenesis.

ACKNOWLEDGMENTS

The authors thank Prof. Jung-Gi Im for his expertise and assistance in our study and for his
help in writing and reviewing this manuscript.

REFERENCES

1. Hadjicharalambous MR, Lindsay MA. Idiopathic pulmonary fibrosis: pathogenesis and the emerging role
of long non-coding RNAs. Int ] Mol Sci2020;21(2):21.
PUBMED | CROSSREF

2. Sgalla G, Iovene B, Calvello M, Ori M, Varone F, Richeldi L. Idiopathic pulmonary fibrosis: pathogenesis
and management. Respir Res 2018;19(1):32.
PUBMED | CROSSREF

3. Mubarak KK, Montes-Worboys A, Regev D, Nasreen N, Mohammed KA, Faruqi I, et al. Parenchymal
trafficking of pleural mesothelial cells in idiopathic pulmonary fibrosis. Eur Respir ] 2012;39(1):133-40.
PUBMED | CROSSREF

4. LiuF, YuF, Lu YZ, Cheng PP, Liang LM, Wang M, et al. Crosstalk between pleural mesothelial cell and
lung fibroblast contributes to pulmonary fibrosis. Biochim Biophys Acta Mol Cell Res 2020;1867(11):118806.
PUBMED | CROSSREF

5. Tanabe N, McDonough JE, Vasilescu DM, Ikezoe K, Verleden SE, Xu F, et al. Pathology of idiopathic
pulmonary fibrosis assessed by a combination of microcomputed tomography, histology, and
immunohistochemistry. Am J Pathol 2020;190(12):2427-35.
PUBMED | CROSSREF

6. Fabro AT, Minatel IO, Rangel MP, Halbwedl I, Parra ER, Capelozzi VL, et al. Usual interstitial pneumonia
and smoking-related interstitial fibrosis display epithelial to mesenchymal transition in fibroblastic foci.
Respir Med 2014;108(9):1377-86.
PUBMED | CROSSREF

7. Chandra D, Maini R, Hershberger DM. Cryptogenic Organizing Pneumonia. Treasure Island, FL, USA:
StatPearls; 2022.

8. Cottin V, Cordier JF. Cryptogenic organizing pneumonia. Semin Respir Crit Care Med 2012;33(5):462-75.
PUBMED | CROSSREF

9. Batra H, Antony VB. Pleural mesothelial cells in pleural and lung diseases. J Thorac Dis 2015;7(6):964-80.
PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2023.38.€242 9/10


http://www.ncbi.nlm.nih.gov/pubmed/31947693
https://doi.org/10.3390/ijms21020524
http://www.ncbi.nlm.nih.gov/pubmed/29471816
https://doi.org/10.1186/s12931-018-0730-2
http://www.ncbi.nlm.nih.gov/pubmed/21737551
https://doi.org/10.1183/09031936.00141010
http://www.ncbi.nlm.nih.gov/pubmed/32739525
https://doi.org/10.1016/j.bbamcr.2020.118806
http://www.ncbi.nlm.nih.gov/pubmed/32919981
https://doi.org/10.1016/j.ajpath.2020.09.001
http://www.ncbi.nlm.nih.gov/pubmed/25066934
https://doi.org/10.1016/j.rmed.2014.06.008
http://www.ncbi.nlm.nih.gov/pubmed/23001801
https://doi.org/10.1055/s-0032-1325157
http://www.ncbi.nlm.nih.gov/pubmed/26150910
https://doi.org/10.3978/j.issn.2072-1439.2015.02.19

JKMS

10. Kanamori-Katayama M, Kaiho A, Ishizu Y, Okamura-Oho Y, Hino O, Abe M, et al. LRRN4 and UPK3B are
markers of primary mesothelial cells. PLoS One 2011;6(10):€25391.
PUBMED | CROSSREF

11. Schraufstatter IU, Zhao M, Khaldoyanidi SK, Discipio RG. The chemokine CCL18 causes maturation of
cultured monocytes to macrophages in the M2 spectrum. Immunology 2012;135(4):287-98.
PUBMED | CROSSREF

Pleural Mesothelial Cells and Pulmonary Fibrosis

12. Lappi-Blanco E, Kaarteenaho-Wiik R, Salo S, Sormunen R, Méittd M, Autio-Harmainen H, et al.
Laminin-5 gamma?2 chain in cryptogenic organizing pneumonia and idiopathic pulmonary fibrosis. AmJ
Respir Crit Care Med 2004;169(1):27-33.

PUBMED | CROSSREF

13. Harvey JM, Clark GM, Osborne CK, Allred DC. Estrogen receptor status by immunohistochemistry is
superior to the ligand-binding assay for predicting response to adjuvant endocrine therapy in breast
cancer. J Clin Oncol1999;17(5):1474-81.

PUBMED | CROSSREF

14. Miller-Hodges E, Hohenstein P. WT1 in disease: shifting the epithelial-mesenchymal balance. ] Pathol
2012;226(2):229-40.
PUBMED | CROSSREF

15. Batra H, Antony VB. The pleural mesothelium in development and disease. Front Physiol 2014;5:284.
PUBMED | CROSSREF

16. Prasse A, Probst C, Bargagli E, Zissel G, Toews GB, Flaherty KR, et al. Serum CC-chemokine
ligand 18 concentration predicts outcome in idiopathic pulmonary fibrosis. Am J Respir Crit Care Med
2009;179(8):717-23.
PUBMED | CROSSREF

17.  Tiev KP, Hua-Huy T, Kettaneh A, Gain M, Duong-Quy S, Tolédano C, et al. Serum CC chemokine
ligand-18 predicts lung disease worsening in systemic sclerosis. Eur Respir ] 2011;38(6):1355-60.
PUBMED | CROSSREF

18. Hoffmann-Vold AM, Tennge AH, Garen T, Midtvedt (), Abraityte A, Aalpkken TM, et al. High level of
chemokine CCL18 is associated with pulmonary function deterioration, lung fibrosis progression, and
reduced survival in systemic sclerosis. Chest 2016;150(2):299-306.
PUBMED | CROSSREF

19. Evans CM, Fingerlin TE, Schwarz MI, Lynch D, Kurche J, Warg L, et al. Idiopathic pulmonary
fibrosis: a genetic disease that involves mucociliary dysfunction of the peripheral airways. Physiol Rev
2016;96(4):1567-91.
PUBMED | CROSSREF

20. ZhangF, Ayaub EA, Wang B, Puchulu-Campanella E, Li YH, Hettiarachchi SU, et al. Reprogramming
of profibrotic macrophages for treatment of bleomycin-induced pulmonary fibrosis. EMBO Mol Med
2020;12(8):e12034.
PUBMED | CROSSREF

21. SongLJ, Zhou LL, Wang M, Liu F, Xiong L, Xiang F, et al. Lethal (2) giant larvae regulates pleural
mesothelial cell polarity in pleural fibrosis. Biochim Biophys Acta BBAMol Cell Res 2018;1865(9):1201-10.
PUBMED | CROSSREF

22. ChungJH, Goldin JG. Interpretation of HRCT scans in the diagnosis of ipf: improving communication
between pulmonologists and radiologists. Lung 2018;196(5):561-7.
PUBMED | CROSSREF

23. Palmucci S, Roccasalva F, Puglisi S, Torrisi SE, Vindigni V, Mauro LA, et al. Clinical and radiological
features of idiopathic interstitial pneumonias (IIPs): a pictorial review. Insights Imaging 2014;5(3):347-64.
PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2023.38.€242 10/10


http://www.ncbi.nlm.nih.gov/pubmed/21984916
https://doi.org/10.1371/journal.pone.0025391
http://www.ncbi.nlm.nih.gov/pubmed/22117697
https://doi.org/10.1111/j.1365-2567.2011.03541.x
http://www.ncbi.nlm.nih.gov/pubmed/14500258
https://doi.org/10.1164/rccm.200210-1234OC
http://www.ncbi.nlm.nih.gov/pubmed/10334533
https://doi.org/10.1200/JCO.1999.17.5.1474
http://www.ncbi.nlm.nih.gov/pubmed/21959952
https://doi.org/10.1002/path.2977
http://www.ncbi.nlm.nih.gov/pubmed/25136318
https://doi.org/10.3389/fphys.2014.00284
http://www.ncbi.nlm.nih.gov/pubmed/19179488
https://doi.org/10.1164/rccm.200808-1201OC
http://www.ncbi.nlm.nih.gov/pubmed/21778167
https://doi.org/10.1183/09031936.00004711
http://www.ncbi.nlm.nih.gov/pubmed/26997242
https://doi.org/10.1016/j.chest.2016.03.004
http://www.ncbi.nlm.nih.gov/pubmed/27630174
https://doi.org/10.1152/physrev.00004.2016
http://www.ncbi.nlm.nih.gov/pubmed/32597014
https://doi.org/10.15252/emmm.202012034
http://www.ncbi.nlm.nih.gov/pubmed/29842893
https://doi.org/10.1016/j.bbamcr.2018.05.013
http://www.ncbi.nlm.nih.gov/pubmed/30097721
https://doi.org/10.1007/s00408-018-0143-5
http://www.ncbi.nlm.nih.gov/pubmed/24844883
https://doi.org/10.1007/s13244-014-0335-3

	Properties of Pleural Mesothelial Cells in Idiopathic Pulmonary Fibrosis and Cryptogenic Organizing Pneumonia
	INTRODUCTION
	METHODS
	Lung immunohistochemistry
	Semi-quantitative analysis of immunohistochemistry
	Statistical analysis
	Ethics statement

	RESULTS
	IHC stain
	FVC and DLCO in IPF and COP

	DISCUSSION
	REFERENCES




